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PREFACE. 


In  consequence  of  a  very  generally  expressed  wish  amongst  the 
personal  friends  of  the  late  Professor  A.  H.  Garrod,  to  possess 
some  permanent  memorial  of  him,  it  was  decided,  at  a  meeting  of 
the  Zoological  Club  held  on  May  4th,  1880,  to  appoint  a  Committee 
to  consider  the  best  means  of  carrying  this  idea  into  execution. 

As  ultimately  constituted,  this  Committee  consisted  of  Profes- 
sors Flower,  Schafer,  BeU ;  Messrs.  Sclater,  Salvin,  Balfour,  Dobson, 
the  late  Mr.  Alston,  Dr.  Giinther,  and  myself,  I  agreeing  to  act  as 
secretary  to  it 

After  carefully  considering  the  various  forms  that  the  proposed 
memorial  might  take,  it  was  decided  that  the  most  appropriate  and 
desirable  one  would  be  the  publication,  in  a  collected  form,  of  all 
the  papers  published  by  Grarrod  in  various  scientific  journals  and 
periodicals,  with  a  portrait  and  memoir  of  the  author. 

The  list  of  subscribers  to  the  present  volume,  including,  as  it 
does,  the  names  of  nearly  all  the  leading  English  biologists  as 
well  as  those  of  numerous  private  friends,  shows  that  this  deci- 
sion of  the  Committee  has  been  amply  justified  by  the  result. 

The  work  of  arranging  and  editing  the  papers  in  the  present 
volume  has  in  the  main  fallen  on  myself,  though  Professor  E.  A. 
Schafer  was  kind  enough  to  read  through  the  proofs  of  the  physio- 
logical part.  As  far  as  possible,  the  papers  in  each  part  have  been 
kept  in  the  order  in  which  they  were  published :  in  a  few  cases, 
however,  when  several  papers  treating  of  the  same  or  closely-allied 
subjects  appeared  at  different  periods,  they  have,  where  it  seemed 
desirable,  been  placed  together.  The  last  paper  in  the  volume,  as 
explained  in  the  biographical  memoir,  has  not  been  published 
before  anywhere. 

Misprints  and  other  clerical  errors  of  the  original  have  been 
corrected  in  this  reprint,  and  in  a  few  cases,  where  it  seemed 
advisable,  foot-notes  have  been  added  by  myself.  The  pagination 
of  the  original  papers  has  been  preserved  by  the  use  of  marginal 
figures. 


VI  PREFACE. 

The  octavo  lithographic  plates  of  the  original  papers  have  been 
redrawn  by  Mr.  J.  Smit  for  the  purpose  of  this  reprint,  and  they 
will,  I  think,  be  found  faithful  copies  of  the  originals.  The  stones 
of  the  quarto  plates  being  still  preserved  have,  with  the  necessary 
alterations  in  lettering,  been  used  again,  as  have  also  the  plates  of 
the  three  diagrams  in  the  second  part.  The  three  plates  illustrat- 
ing the  first  part  have  been  redrawn,  the  first  two  being  reproduced 
on  a  somewhat  larger  scale  the  better  to  suit  the  letterpress.  The 
woodcuts  in  the  text  have  been  throughout  printed  from  the 
original  blocks,  or  from  electrotypes  of  them,  with  the  exception  of 
that  on  p.  95,  which  was  kindly  drawn  on  wood,  after  the  litho- 
graphed plate  in  the  "  Journal  of  Anatomy,"  for  the  purposes  of 
this  work  by  Mr.  H.  H.  Johnston. 

Tlie  etching  wliich  forms  the  frontispiece  speaks  for  itself,  both 
as  a  work  of  art  and  as  a  portrait  The  readiness  with  which 
Mr.  Herkomer  undertook  to  execute  it  was  itself  extremely  grati- 
fying to  the  Committee,  whilst  the  success  of  the  result  adds 
materially,  they  feel,  both  to  the  value  and  the  interest  of  the  pre- 
sent volume. 

The  biographical  memoir  has  been  written  by  me,  partly  from 
my  own  personal  acquaintance  with  the  author  and  his  work, 
partly  from  facts  supplied  me  by  his  family.  The  index  to  Part  II, 
containing  as  it  does  the  names  of  all  the  various  species  or  groups 
of  animals  mentioned  in  it,  will,  it  is  hoped,  prove  useful  as 
facilitating  reference  to  the  wery  numerous  facts  contained  in  these 
papers. 

Finally,  on  behalf  of  the  Garrod  Memorial  Coromittee,  I  have  to 

express  our  best  thanks  to  the  Committee  of  Publication  of  the 

Zoological  Society,  and  to  the  Editors  of  the  "  Journal  of  Anatomy 

and  Physiology,"  the  "  Ibis,"  and  "  Nature,"  for  the  very  generous 

loans,  for.  the  purposes  of  this  reprint,  of  the  various  stones  or 

blocks  of  the  plates  and  woodcuts  illustrating  the  present  volume 

which  originally  appeared  in  their  publications,  as  well  as  to  the 

Council  of  the  Royal  Society,  who  kindly  allowed  us  the  use  of 

electrotypes  of  the  diagrams  published  in  the  "  Proceedings  "  of 

that  Society. 

W.  A.  FORBES. 

Juiif  2iih,  1881. 
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BIOGRAPHICAL   NOTICE. 


Any  account  of  the  life  of  the  author  of  the  papers  contained  in 
the  present  volume  must  be  brief.  Not  only  was  his  capeer  cut  oflf 
at  a  time  when  most  men  are  but  just  entering  on  life,  but  it  was  also, 
in  some  senses  of  the  word,  uneventful.  Bom  and  educated  under 
circimistances  which  obviate  any  of  those  struggles  which  have 
made  the  lives  of  many  naturalists  interesting,  his  subsequent  life 
was  one  series  of  unbroken  successes.  *  Nor  was  it  marked  by  any 
of  those  episodes  of  foreign  travel  which  have  fallen  to  the  lot  of 
many  other  scientific  men,  before  they  have  settled  down  to  a  life 
of  work  at  home. 

Alfred  Henry  Garrod  was  the  eldest  child  of  Dr.  A.  B.  Garrod, 
F.E.S.  He  was  born  in  London,  on  May  18th,  1846,  at  No.  9,  Charter- 
house Square,  where  his  father  had  commenced  to  practise  as  a  phy- 
sician a  few  years  before.  From  1856  to  1860,  his  father  having  mean- 
while removed  to  Harley  Street,  he  was  being  educated  in  general 
subjects  at  All  Souls*  Grammar  School,  Eegent's  Park,  and  after 
the  latter  date  entered  University  College  School,  Gower  Street. 
At  both  these  schools  the  classical  authors  of  Greece  and  Eome 
were  at  that  time  the  chief  subjects  of  study.  For  them  Garrod 
never  developed  any  special  taste,  though  in  mathematics  and 
drawing  he  took  a  greater  interest,  gaining  a  prize  for  perspective 
drawing  at  University  College  School. 

Garrod's  life,  however,  in  so  far  as  it  can  be  of  any  interest  to 
those  who  were  not  members  of  his  family  and  private  circle,  com- 
menced with  his  entry  at  University  College  about  October, 
1862.  Here  he  first  began  his  acquaintance  with  the  Natural 
Sciences,  by  attending  the  lectures,  amongst  others,  of  Prof.  Sharpey, 
on  physiology,  and  of  Prof.  Oliver,  on  botany,  as  well  as  those  of 
Prof.  De  Morgan,  on  mathematics.  From  the  latter,  no  doubt, 
and  from  his  earlier  education  in  the  same  subject,  was  derived 
that  predilection  for  mathematical  and  mechanical  studies  which 
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evinced  itself  so  strongly  in-  his  after  life.  Those  wlio  knew  him 
at  that  time  dat€  the  commencement  of  his  scientific  enthusiasm, 
which  was  always  afterwards  very  marked,  from  the  first  term 
of  his  attendance  at  Prof.  Shai-pey's  lectures,  and  he  him^lf 
always  spoke  of  that  teacher  with  afiectionate  and  acbniring 
i-egard. 

In  1864  Garrod  matriculated  at  the  Uaiversity  of  London, 
passing  in  the  first  class.  In  the  antnmn  of  the  same  year  he 
began  his  career  at  King*s  College,  London^  having  gained  one  of 
the  Waraeford  entrance  scholarships  there,  notwithstanding  the 
fact  that  a  consideralde  knowledge  of  classics  was  required  for  that 
competition.  In  the  summer  of  1865,  whilst  still  a  student  at 
King's,  Garrod  succeeded  in  ohtaining  the  fiist  medal  in  Prof. 
Oliver's  course  of  botany,  at  University  College,  a  success  of  winch 
he  was  always  afterwaixls  very  proud ;  for  it  pmbably  proved  to 
him  that,  conscious  as  he  must  have  been  for  some  time  of  original 
power  and  grasp,  he  also  possessed  that  capacity  for  steady  applica- 
tion without  which  the  former  gifts  are  so  often  useless.  Still 
working  with  indefatigable  energy,  he  succeeded  in  obtaining  the 
first,  scconil,  and  third  year's  scliolarsliips  for  medical  students  at 
King  s,  the  highest  success  he  coidd  attain  there.  He  remained 
working  at  King's  College  Hospital  till  1868,  in  which  year  he 
obtained  his  Licentiateship  of  the  Apothecaries*  Society.  It  was 
during  this  i>eriod  that  hi^  interest  in  the  subject  of  the  circulation 
of  the  blood,  to  which  he  subsequently  devoted  so  much  time  and 
work,  commenceti  In  the  summer  of  1868,  in  company  with  a 
younger  brother,  he  made  a  trip  to  Marseilles  hy  steamer,  touclung 
at  rauie  at  Vigo,  Lislion,  and  Gibrtdtar,  and  returning  liy  the  sfime 
way,  after  a  cniise  of  about  eight  weeks.  This  trip  Garrod  enjoyed 
greatly,  especially  his  visit  to  Vigo  and  Lisbon,  about  botli  of  which 
l>laces  he  was  enthusiastic  afterwanls.  While  on  board  ship  he 
devoted  a  good  deal  of  liis  leisure  to  working  at  questions  connected 
with  the  temperature  of  the  body.  Three  years  al^crwards  he 
again  visited  Spain,  going  to  Cadiz,  Seville,  and  Gibraltar,  in  com- 
pany with  a  college  friend,  but  these  two  Spanish  trips,  and  a 
Hying  visit  to  Switzerland  in  1869,  were  almost  all  his  exi>criences 
of  foreign  travel,  for  which  indeed  he  often  expi^essed  a  positive 
dislike  in  after  years. 

In  1868  OaiTod  wont  to  Cambridge.  Though  he  had  put  his 
name  on  the  liooks  of  Cains  College,  and  indeed  appeal's  in  the 
University  cidemlar  for  that  ymr  as  a  meml>er  of  the  College,  lie 
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never  actually  entered  there,  having  had  awarded  him  in  the  same 
year  an  exhibition  for  Natural  Science  at  St.  John's,  the  first  offered 
in  that  subject  by  the  College.  He  commenced  residence  at  Cam- 
bridge in  the  October  term  of  1868. 

At  that  time  the  opportunities  and  methods  of  biological 
teaching  at  Cambridge  were  not  so  perfect  as  they  now  are,  and 
with  his  already  existing  anatomical  and  physiological  knowledge, 
Grarrod  soon  found  out  that  he  could  very  well  dispense  with  a 
good  amount  of  the  ordinary  routine  of  College  and  University 
education.  Indeed  the  greater  part  of  his  Tripos  work  was  done 
by  him  at  home,  in  London,  during  the  vacation,  for  at  Cambridge 
he  devoted  himself  largely  to  the  enjoyment  of  the  social  life  of  the 
place.  His  scientific  work  there  consisted  more  of  original  research 
than  of  the  usual  course  of  study,  for  it  was  during  his  residence 
at  Cambridge  that  he  carried  on,  in  great  part,  the  series  of  experi- 
ments on  the  causes  of  the  varying  temperatures  of  the  human 
body,  the  results  of  which  were  subsequently  made  public.  The 
circulation  of  the  blood,  too,  he  studied  energetically,  by  means  of 
the  sphygmograph  and  other  appliances,  which  he  improved  in 
various  ways  by  his  great  mechanical  genius.  Photography  like- 
wise took  up  some  part  of  his  attention,  and  when  the  new  chapel 
at  St  John's  was  opened,  in  1869,  he  succeeded  in  taking,  from 
the  rooms  of  a  friend  overlooking  the  scene,  an  instantaneous 
view  of  the  procession  as  it  passed  though  the  first  court.  It  was 
whilst  still  an  undergraduate  that  his  first  physiological  papers 
were  published  in  the  "  Journal  of  Anatomy  and  Physiology,"  and 
in  the  "  Proceedings  of  the  Eoyal  Society."  He  devoted  consider- 
able time  also  to  the  study  of  zoology,  working  in  the  University 
Museum,  where  he  laid  the  foundation  of  his  knowledge  in  the 
subject  which  was  afterwards  to  chiefly  occupy  his  life.  His 
maiden  zoological  paper  "On  the  Telson  of  the  Macrurous 
Crustacea"  (infra,  p.  93)  was  indeed  written  and  published  during 
his  undergraduate  career  at  Cambridge. 

His  College  had  meanwhile  not  been  blind  to  the  ability  of 
their  undergraduate  member,  for  in  1870  he  was  elected  a  founda- 
tion scholar,  and  in  the  "  May"  examinations  in  Natural  Science 
of  that  and  the  subsequent  year,  his  name  appears  in  the  first  class 
on  each  occasion. 

In  December,  1871,  Garrod  "  went  out "  senior  in  the  Natural 
Science  tripos,  his  companions  in  the  first  class  being  three  in 
number,  R  Lydekker — who  has  since  distinguished  himself  as  a 
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paleeontologist  in  the  work  of  the  Geological  Survey  of  India — 
Lewis,  and  Warrington,  in  the  order  given. 

At  t\m  tinie  the  oftice  of  Prosector  to  the  Zoological  Society 
of  London  was  vacant,  owing  to  the  resignation  of  its  former 
occupant,  Dr.  Murie,  Througli  the  iiiHiience  of  hm  Camhridge 
friends,  Garrod  was  brought  forward  as  a  candidate  for  Oiis  post,  to 
which  he  was  elected,  on  June  20th,  1871  j  though  he  had  not  at  that 
time  finished  his  *'  Tripos."  On  the  conclusiuu  of  that  exainina- 
tiou  he  returned  to  Loudon,  and  immediately  began  U)  devote  him- 
self, with  liis  accustomed  energy  and  ability,  to  the  adequate  per- 
formance of  tlie  duties  of  his  new  post.  He  commenced  his 
attendance  at  the  Gardens  a  few  da}'s  l>efore  the  close  of  the  year 
187L  Up  to  this  tiuie,  as  already  stated,  Garrod*s  work  and 
interest  in  biologicfd  science  had  beeu  chiefly  physiologicalj  and 
his  knowledge  of  zoology'  genenilly  little  more  than  that  of  an 
ordinary  "  Tripos  '*  student.  But  thanks  to  the  opportunities  of 
his  position,  and  his  own  genius  and  diligence,  he  was  enabled  in 
a  very  sliort  time  to  sufhciently  master  the  main  outlines  of  the 
comparative  anatomy  of  the  highest  Vertebrata— Birds  and  Mtun* 
mals — to  present  his  first  paper  to  the  Zoological  Society,  one 
WTitten  in  conjunction  with  Mr.  Frank  Darwin,  whom  he  had 
knoW'n  at  college,  in  little  nioi^  than  two  months  after  coinmeuc- 
iDg  Ids  prosectorial  duties.  This  paper  was  succeeded  in  the 
course  of  the  yejir  by  four  others.  From  this  point  indec*d, 
zoology  bcciime  the  main  study  of  GaiTod's  life,  though  he  still 
retained  his  interest  in  physiolog}\  Indeed  he  had  hoped^  and 
intended  no  doubt,  when  he  became  Prosector,  to  carry  on  his 
physiological  researches  on  a  still  larger  scale*  as  evidenced  by  some 
experiments  made  during  the  earlier  part  of  his  work  at  Uie 
Gardens,  But  the  accumulation  of  material,  and  the  fascination 
of  new  lines  of  research,  gmduaUy  but  surely  drew  1dm  away 
from  further  active  physiological  work,  and  after  his  appointment 
as  I*rosector,  we  find  but  three  or  fourorigintd  papers  from  his  pen 
on  purely  physiolugical  subjects,  the  last  being  one  read  before  the 
Koyul  Society  in  April.  1874. 

Physiology,  indeed,  was  his  "  first  love/'  and  towards  the  close 
of  his  life,  he  often,  in  conversation  with  his  friends  or  relatives, 
insisted  that  he  was,  primarily,  a  physiulogist,  and  only  became  a 
zoologist  by  the  accident  of  his  being  appointed  to  the  Prosector- 
ship*  Notlung  gave  him  great'cr  pleasure  during  his  hist  illness 
tluin  the  fact  that  conclusions  tlie  same  as  some  of  his  own  most 
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cherished  ideas  and  discoveries,  connected  with  the  circulation  of 
the  blood,  had  been  arrived  at  independently  by  an  American 
physiologist  (Keyt)  with  no  knowledge  of  his  previous  work  on  the 
same  subject. 

In  his  new  departure,  the  anatomy  of  birds  soon  became 
Garrod's  favourite  study.  This  was  a  subject  that  had  not  at  all 
kept  pace  with  the  rapid  advance  made  of  late  years  in  most  other 
branches  of  biological  science.  With  the  exception  of  some  im- 
portant papers  by  our  countrjrmen,  Professors  Parker  and  Huxley, 
by  M.  Alphonse  Milne-Edwards,  and  by  the  great  German  natur- 
alist, Johannes  Miiller,  little  had  been  done  either  at  home  or 
abroad  in  this  department  of  ornithology,  since  the  decease  of  the 
illustrious  German,  Nitzsch.  With  the  large  amount  of  material  at 
his  disposal,  Grarrod  was  soon  able  to  work  out,  on  a  far  mgre  extensive 
scale,  many  of  Nitzsch's  observations,  as  well  as  to  add  a  great 
number  of  entirely  new  facts.  The  myology  of  birds  in  particular 
attracted  his  attention,  and  about  two  years  after  his  appointment  to 
the  Prosectorship,  he  drew  up  the  paper  on  the  classification  of  birds, 
in  which  the  taxonomic  value  of  the  now-celebrated  "ambiens" 
muscle  was  brought  forward  for  the  first  time.  This  paper  was  read 
before  the  Zoological  Society  in  the  session  of  1873-4,  and  pub- 
lished in  their  "  Proceedings  "  :  an  abstract  of  it,  doubtless  from  his 
own  pen,  may  be  found  in  "  Nature,"  Feb.  12,  1874,  pp.  290—2. 

In  November,  1873,  Garrod  was  elected  to  a  Fellowship  at  his 
College,  the  first  time  that  such  an  honour  had  been  given  there 
to  a  Natural  Science  man  ;  and  in  the  summer  of  the  succeeding 
year  (1874),  he  was  elected  Professor  of  Comparative  Anatomy  at 
King's  College,  London,  in  succession  to  Prof.  Rymer  Jones,  F.R.S., 
and  this  post  he  continued  to  hold  till  within  a  few  weeks  of  his 
death.  A  report  of  his  introductory  lecture  to  the  evening  class  of 
Zoology  at  that  institution  in  the  winter  session  of  1874  may  be 
found  in  "  Nature  "  for  Oct.  8th  of  that  year.  Garrod  had  for  some 
time  past  acted  as  one  of  the  sub-editors  to  the  last-named  journal, 
and  he  continued  to  do  so  for  some  years.  Many  of  the  articles 
and  reviews  dealing  with  biological  subjects  published  in  the 
columns  of  that  paper,  during  that  period,  were  from  his 
pen. 

In  1875  G^Tod  was  appointed  Fullerian  Professor  of  Physiology 
at  the  Royal  Institution.  His  connection  with  that  establishment 
had  commenced  at  least  as  far  back  as  1874,  when  he  delivered,  on 
Feb.  6th,  an  address  on  "  The  Heart  and  the  Sphygmograph,"  an 
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account  of  which  appeared  in  the  nninl)er  of  *' Nature"  for  the 
26th  of  that  luonth.  Again,  in  March  of  the  ftjUowing  year  (1875) 
lie  gave  a  short  course  of  lectures  at  the  same  institution  on 
"  Animal  Locomotion,"  in  one  of  which  he  exhibited  and  explained 
an  ingenious  model  of  a  boat  propelled  hy  q  screw,  coustructed  on 
a  plan  .similar  to  that  of  the  doi^sal  fin  of  the  pipe-tish,*  Another 
dealt  with  the  action  of  the  Horae,  giving  an  account  of  Marey^s 
experiments  with  t!xe  graphic  method  on  tliat  subject,  which  was 
then  exciting  a  good  deal  of  attention  in  England,  on  account  of 
Miss  Thompson's  celebrated  picture  of  the  "  Roll-Call,"  exliibiting 
at  that  time. 

CJarrod  commenced  Lis  duties  as  Fnllerian  Professor  in  the 
spring  of  1876,  when  lie  delivered  a  course  of  twelve  lectures  on 
the  -*  Classification  of  Vertebrate  Animals/'  In  these  and  his 
subsequent  lectures  at  the  same  institution,  his  great  mechanical 
ingenuity  and  extraordinary  fertility  of  resource  in  devising  and 
carrying  otit  experiments,  stood  him  in  good  st^ad.  For  he  was 
enabled,  by  his  numerous  models  and  other  simple  though  ingeni- 
ous contrivances,  to  illustrate  or  explain  many  of  the  phenomena 
of  animal  life,  in  a  way  that  always  instructed  at  the  same  time 
that  it  entertained  his  audiences.  These  powers,  aided  by  very 
considerable  fluency  as  an  extempore  speaker,  and  great  facility  of 
lucidly  explaining  even  complicated  topics  to  a  general  audience, 
soon  gained  him  a  reputation  as  an  accomplislicd  lecturer.  Many 
of  those  who  attended  these  or  his  other  lectures,  must  remember 
some  of  his  ingenious  models,  which  were  all  the  more  admirable 
often,  because  of  iheir  great  simplicity.  Such  were  his  arrange* 
ments  to  show  the  mechanism  of  the  protrusion  and  the  retraction 
of  the  claws  in  the  great  Cariiivora,  of  the  power  of  rolling-up  into 
a  ball  possessed  by  the  Hedgehog,  &c.  Other  instances  of  hig 
mechanical  powers  that  might  be  cited  were  his  models  of  the 
bird's  wing,  of  the  mechanism  of  tlie  gizzard  in  birds,  and  of  the 
action  of  the  lips  of  the  Manatee  when  feeding,  exhilated  in  illus- 
tration of  his  papers  on  those  sulijects  before  the  Zoological 
Society. 

In  the  summer  of  1875  Garrod  delivered  several  of  the  Davis 
Lectures  at  the  Zoological  iiardens,  choosing  as  his  subjects  the 
various  groups  of  Eurninating  Animals,  the  Camels,  Deer,  Ante* 
lopes,  &c.     This  group  of  Mammals  had  for  some  time  past  been 
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the  subject  of  liis  close  attention,  for  but  little  regarding  their 
structure  had  been  put  on  record  by  previous  anatomists,  whilst  he, 
thanks  to  his  prosectorial  advantages  and  the  living  collection 
around  him,  was  enabled  to  study  them,  with  every  facility,  both 
in  a  dead  and  a  living  state.  The  most  important  of  his  scientific 
results,  regarding  these  animals,  were  embodied  in  a  paper  "  On  the 
visceral  anatomy  and  osteology  of  the  Euminants,"  read  before  the 
Zoological  Society  on  Jan.  2,  1877.  In  this  paper,  besides  many 
important  conclusions  arrived  at  with  regard  to  the  classification 
of  this  group  of  animals,  Garrod  broached  his  views  on  a  subject 
that  for  some  time  had  been  more  and  more  impressing  itself  upon 
him.  This  was  the  inadequacy  of  the  ordinarily  used  system  of 
binomial  nomenclature  to  indicate  properly  the  new  views  on  the 
classificationof  animals  rendered  necessary  by  the  general  adop- 
tion of  the  theory  of  evolution — an  inadequacy  that  was  the  more 
evident  to  him  from  his  previous  knowledge  of  chemistry.  It  was 
his  desire  to  devise,  if  possible,  some  system  of  formulae  which 
would  enable  the  biologist  to  express,  in  one  term,  both  the  nature 
and  the  afl&nities  of  the  creature  it  represented.  This  effort  to  give 
taxonomic  conclusions  a  more  exact  expression  had  been  already 
partly  adopted  in  the  formuke  used  by  Gfirrod  in  his  various  papers 
on  the  classification  of  birds,  as  well  as  in  the  lecture  on  "  Evolution 
and  Zoological  Formulation,"  delivered  at  King's  College  in  1874, 
and  already  alluded  to.  In  that  lecture  he  had  selected  a  parti- 
cular group  of  birds,  the  Parrots,  to  which  to  apply  his  views :  in 
his  paper  on  the  Buminants  these  are  stiU  further  expounded,  and 
worked  out  for  that  group  of  animals. 

Meanwhile  Garrod  had  been  steadily  going  on  amassing  facts  as 
r^ards  the  anatomy  of  Mammals  and  Birds  at  the  Zoological 
Gardens,  and  hardly  a  scientific  meeting  of  the  Zoological  Society 
passed  without  some  paper  from  him,  dealing  either  with  some  of 
his  newly-discovered  lines  of  research  or  with  an  account  of  the 
anatomy  of  some  hitherto  imknown  form.  Some  idea  of  the 
amount  of  material  that  passed  through  his  hands  may  be  gained 
from  the  fact  that  at  various  periods  in  his  career  he  dissected  no 
less  than  five  specimens  of  Rhinoceroses,  belonging  to  three 
different  species — an  anatomical  experience  probably  quite  imique. 
He  worked  remarkably  quickly,  both  with  his  scalpel  and  with 
his  pencil — for  he  was  no  mean  artist — but  yet  with  such  certainty 
and  accuracy  that  a  re-examination  of  his  objects  rarely  rendered 
necessary  any  change  in  his  original  description.    His  anatomical 
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work  was  as  a  rule  directed  rather  to  the  discovery  of  new  poiot 
bearing  on  questions  of  classiticatioTi  than  to  detailed  descriptioi 
of  forms  only   uiteresting  for  their  rarity,  and  agreeing  in  most 
points  with  the  typictd  species*     His  method  was  to  examine 
large  a  iinmlmr  of  species  of  any  particnlar  gronp  as  possible,  ta 
note  the  charactt^rs  in  which  tliey  diilbred,  unil  h\nn  these  con- 
siderations to  endeavour  to  anive  at  some  conchisions  regardingW 
their  general  position  or  nmtnal  affinities. 

When  the  Ro}'al  Commission  appointed  by  the  Government  to 
examine  into  the  question  of  vivisection  was  couductiDg  its 
inquiries  in  187'^,  Ganml  was,  with  most  of  the  other  leading  J 
physiologists  of  England,  examined  before  it,  and  a  report  of  his^ 
evidence  will  be  found  on  pp.  106 — 108  of  the  Blue-book  that 
contained  the  results  of  their  inquiries.  Amongst  other  things, 
he  naiTated  how  he  had,  on  one  occtision,  perfonaied  "probably  the 
largest  epcration  in  anaesthetics  "  ever  effeeted,  by  chlor«jfomuilg  a 
Giraffe.  Ganod  had  been  ver>*  anxious  to  utilise  the  opportunity 
a  Horded  by  having  to  kill  one  of  these  aninnds  some  time  pre- 
viously, liy  taking  tracings  of  the  blood -pressure  in  its  carotitl 
arteries,  which,  after  a  considerable  struggle  with  tlie  great  animal, 
much  ex|x?nditnre  of  chloroform,  and  a  good  deal  of  difficulty  in 
properly  fixing  the  necessary  instruments,  he  succeeded  in 
doing. 

In  1876,  being  then  just  30  years  of  age,  he  was  elected  a 
Fellow  of  the  Royal  Society. 

At  this  time  the  expediency  of  preparing  a  general  work  on  tlie 
"Anatomy  of  Birds"  was  suggested  tc*  Garrod  by  some  of  his 
friends.    This  work  was  to  be,  in  his  own  words.  **  exhaustive," 
and  to  contain  the  results  of  all  his  previous  papers  and  subsequenlB 
experience.     For  the  completion  of  this  he  soon  set  to  work  %vith 
great  vigour,  and  on  two  occasions  he  received  sums  of  money— 
from  the  Government  Grant  to  aid  him  in  the  publication  ancH 
preparation  of  this  book,  whiclu  unfortunately,  he  was  not  destined 
to  finish. 

In  1876  Garrotl  was  appointed  examiner  in  Zoology  for  the 
Natural  Science  Tripos  at  Cambridge,  a  post  which  he  continue 
I o  fill  for  the  next  two  years,  and  which  again  brought  him  iiit 
intimate  connection  with  Cambridge  life, 

Tlie  subject  of  his  Fullerian  lectures  in  1877  was  "  The  Huina 
Fonn :  its  structure  in  relation  to  its  contour/*  In  them  it  wa 
bis  tiljject  to  descrilje  to  a  general  audience   tliose  part«  of  tl 
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structure  of  the  body  which  affect  its  external  form  in  various 
attitudes.  Several  ingenious  working  models  were  devised  espe- 
cially to  illustrate  these  lectures,  as  well  as  a  colossal  papier-macM 
model  of  a  disarticulated  human  skeleton.  The  attendance,  more 
than  half  of  which  consisted  of  ladies,  on  this  course  of  lectures 
was  very  large,  and  fully  proved  the  success  of  his  experiment. 
In  the  following  year  he  chose  as  the  subject  of  his  last  course 
"  The  Protoplasmic  Theory  of  Life,  and  its  bearing  on  Physiology,"  ' 
in  it  explaining  the  nature  of  the  modem  cell-theory,  and  the 
conclusions  deducible  from  it.  These  lectures  were  likewise 
numerously  attended. 

Meanwhile  Grarrod  maintained  as  actively  as  ever  his  re- 
searches into  the  anatomy  of  Mammalia  and  Birds,  and  his  pro- 
jected work  on  the  latter  group  occupied  much  of  his  attention. 
The  anatomy  and  classification  of  the  enormous  group  of  Passerine 
Birds  especially  attracted  him,  and  he  published  four  important 
papers  on  that  subject  in  the  Zoological  Society's  Proceedings,  pro- 
pounding in  them  a  new  division  of  the  entire  group,  based  on  his 
own  and  others'  observations.  About  this  time  he  took  in  hand 
the  production  of  an  English  edition  of  Johannes  Midler's  cele- 
brated paper  on  the  vocal  orgems  of  Passeiine  Birds.  This  had 
originally  appeared  in  the  "  Abhandlungen "  of  the  Berlin 
Academy ;  but,  although  containing  results  of  the  greatest  im- 
portance, was  hardly  at  all  known  in  England.  It  was  translated 
into  English  by  F.  Jeffrey  Bell ;  and  edited,  with  an  appendix  con- 
taining much  additional  information  on  the  same  subject,  arrived 
at  from  his  own  researches,  by  Grarrod.  Early  in  1879  it  was 
completed  and  published,  the  publication  having  been  undertaken 
by  the  delegates  of  the  Clarendon  Press,  Oxford. 

Another  piece  of  work  that  may  be  mentioned  was  the  section 
on  the  "Euminantia"  in  Cassell's  "  Natural  History,"  in  which  he 
still  further  elaborated  his  investigations  into  the  natural  history 
and  anatomy  of  his  favourite  group.  Being  based  on  original 
observations  and  study  of  specimens,  its  value  must  not  be  measured 
by  that  of  certain  other  portions  of  the  same  book,  for  it 
undoubtedly  gives  the  best  general  account  of  this  group  of 
animals  yet  published  in  our  language. 

During  the  three  years'  cruise  of  H.M.S.  "Challenger,"  the 
naturalist  staff  had  made  a  considerable  collection  of  birds  in  spirit, 
which  was  especially  rich  in  oceanic  birds,  particularly  in  the  group 
of  Petrels  and  Albatrosses  {Ttiibinares),    With  the  examination  of 
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these  Prof.  GaiTod  was  entrusted  on  tlie  return  of  tbe  expcditian, 
and  the  specimens  so  obtained  were  the  more  valuable  to  him, 
because  they  helped  to  supply  him  with  what  had  hitherto  been  a 
great  desideratum. 

Not  content  with  liis  own  labours,  Garrod  w^is  tdways  anxious 
to  induce  others  to  work  at  Ins  favourite  stu^lies.  His  rooms  at 
the  Zoological  Gardens  became  gradually  a  centre  for  many  other 
'  young  men,  who  either  aided  him  in  his  own  work,  or  carried  out 
further  researches  under  Ids  directions,  or  at  his  instigation.  Thase 
whom  he  thus  helped  w^ere  not  all  zoologists,  for  many  artists  could 
also  testify  to  their  indebtedness  to  him  for  the  help  in  material, 
or  the  instnictions  in  questions  of  anatomy,  w^hich  he  always  freely 
gave  when  in  his  power.  The  society  of  artists,  indeed,  had  par- 
ticular attractions  for  GaiTod,  and  untU  his  death  he  was  a  member 
of  tbe  Arts  Club  in  Tentcrden  Street. 

These  multiple  and  various  occupations,  added  to  an  almost 
feverish  activity  of  tempeiument,  and  an  entire  forgetfidnesa  of 
self,  proved,  alas !  Ijefore  long  too  much  for  Garrod's  pliysical 
strength.  Perpetually  occupied  in  his  scientific  w^ork,  with  new 
ideas  opening  out  as  every  day  brought  fresh  material  and  know- 
ledge, taking  little  or  no  holiday,  and  mth  the  Italian  Opera  during 
the  season  as  almost  his  sole  relaxation,  his  health  at  last  gave  way. 
With  hardly  a  premonitorj^  symptom,  GaiTud  was  seized,  in  the  early 
part  of  June,  1878,  with  a  severe  attack  of  pidmonary  haemorrhage, 
which  completely  prostrated  him  for  some  time,  and  to  those  who 
knew  caused  apprehension  of  the  gravest  kind  for  the  future. 
However,  after  some  time  he  mUied  somewhat,  and  became  again 
capable  of  caiTying  on  his  prosectorial  work.  Altliough  urged  to 
leave  England  and  try  the  remedial  effects  of  a  better  climate,  his 
love  of  London  and  w^irk  induced  him  to  remain,  heedless  of 
the  representations  of  his  frieuds,  and  through  the  rest  of  the 
summer  and  autumn  he  continued  to  w*ork  in  his  usual  enthu- 
siastic manner,  though  his  health  was  obviously  failing  him.  In 
the  October  of  that  year  be  delivered,  without  a  note,  the  intro- 
ductory address  at  the  commencement  of  the  winter  session  of  the 
King's  College  Medical  School,  and  in  the  course  of  tlie  next 
month  he  paid  a  visit  to  Cambridge,  to  take  part  in  a  meeting  of 
the  Fellows  of  his  College  to  decide  on  the  new  Professoiships, 
which  it  was  proposed  that  institution  should  endow.  Garmd 
himself  was  strongly  in  favour  of  founding  a  Pi-ofessorship  of 
General  Biology — a  chair,  as  he  insisted  justly,  greatly  wanted  in 
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the  University,  but  his  opinion  was  not  shared  by  the  majority  of 
his  colleagues,  and,  as  he  had  not  prepared  any  very  definite  scheme 
as  to  the  functions  of  and  qualifications  for  the  new  Professorship, 
his  proposition  fell  thiough.  In  December,  1878,  Grarrod  paid 
his  last  visit  to  Cambridge,  when  he  came  down  to  examine  for 
the  final  part  of  the  Natural  Science  Tripos.  His  friends  there 
were  all  alarmed  at  the  marked  change  in  his  looks  and  health  now 
manifest.  Yielding  at  last  to  the  pressure  put  upon  him  by  his 
family  and  friends,  Garrod  was  induced  to  leave  London  and  try 
the  more  genial  climate  of  the  Riviera  for  the  winter.  Accordingly 
he  left  England  about  the  middle  of  December,  and  went,  accom- 
panied by  one  of  his  brothers,  to  Mentone,  where  he  stayed  till 
the  end  of  January.  During  this  period  he  was  for  some  time 
confined  to  his  bed,  and  the  change,  partly  because  the  season  was 
wet  and  dull  there,  did  but  little  good. 

Returning  to  London,  he  still  continued,  whenever  strong 
enough,  to  work,  visiting  the  Gardens  when  the  weather  was  fine 
enough  to  allow  him  to  do  so,  and  directing  from  his  home,  as  far 
as  possible,  his  work  there.  But  his  health  was  gradually  failing, 
and  he  grew  almost  daily  weaker  and  weaker,  as  the  phthisis  and 
its  accompanying  maladies  increased.  Unfortunately  for  himself, 
he  was  far  too  well  aware  of  his  own  danger,  and  indeed  from  the 
first  seizure,  or  shortly  afterwards,  he  considered  his  own  case  as 
practically  hopeless.  Nevertheless,  he  never  ceased  for  an  instant 
from  his  zoological  studies.  The  subject  of  the  conformation  of 
the  trachea  in  the  different  groups  of  birds  was  in  particular  at  this 
time  attracting  his  attention.  At  these  windpipes,  being  con- 
veniently-sized objects,  he  constantly  worked,  whenever  able  to  be 
up,  at  his  own  home,  and  one  part  of  his  observations,  dealing  with 
the  trachea  of  the  Gallinse  (infra,  p.  477),  he  sufficiently  completed 
to  be  enabled  to  publish  it.  This  was  his  last  published  contribution 
to  that  anatomy  of  birds  which  he  had  advanced  so  greatly  and  loved 
80  welL 

In  the  summer  of  1879  there  was  for  some  time  an  apparent 
change  for  the  better  in  Garrod's  condition.  He  seemed  stronger 
and  more  sanguine  than  he  had  been  for  some  time  past,  and  was 
enabled  to  go  again  to  his  rooms  at  the  Gardens  with  some  regu- 
larity. But  it  was  only  temporary.  The  last  time,  so  far  as  the 
writer  is  aware,  when  Garrod  visited  the  Gardens,  was  about  the 
middle  of  August.  Shortly  afterwards,  about  the  commencement 
of  September,  he  became  again  worse,  and  rapidly  began  to  sink. 
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Almost  to  the  last  be  coutinued  to  work,  and  only  a  few  weeta 
before  liig  death  busied  himself  in  correcting  Oie  pnxjfa  of  hia 
paper  **  On  tbc  Bmin  and  other  parts  of  tbe  Hipimpotanms" 
which  had  been  read  at  the  concluding  meeting  of  the  Zoologinal 
So<:iety  in  the  preceding  June,  but  this,  bis  last  scientific  paper,  he 
was  not  himself  destined  to  see  pubbshed.  During  the  later  phases 
of  bis  iUness,  which  he  had  throughout  borne  with  exemplaiy 
patience  and  courage,  laryngitis,  causing  a  nearly  total  loss  of  voice 
and  great  difficulty  in  swallowing,  bad  developed  itself,  together 
with  a  severe  cough.  Under  this  'compbcation  of  disease,  he  at 
last  succumbed,  in  the  perfect  possession  tjf  all  his  faculties,  though 
physically  fearfully  weakened,  surrounded  by  bis  family,  and  re- 
gretted by  all  who  had  ever  known  bim,  on  October  17th,  1879, 
aged  33. 

Of  the  worth  of  Garrod's  scientific  work,  the  papers  contained 
in  the  present  volume  must  be  tbe  criterion,  and  tbe  full  value  of 
some  of  them,  as  he  lumself  was  tbe  foremost  to  believe,  will  only 
in  all  probability  Ih.^  properly  appreciated  in  the  future.  Tlus  is 
not  the  place  or  tbe  oe^^asion  to  attempt  to  form  a  iinal  conclusion 
on  that  score.  His  own  confidence  in  his  physiological  work  re- 
mained unshaken,  and  tbe  poitial  confirmation  of  some  of  his 
ideas  that  he  lived  to  see  was,  as  we  have  already  said,  a  cause  of 
the  most  lively  pleasure  to  bim  on  his  death *bed. 

Whatever  may  be  tbe  verdict  of  posterity  on  Garrod's  physio- 
logical work,  no  doubt  ctm  exist  as  to  the  value  of  his  zoological 
labours.  The  facts  alone  recorded  in  his  various  papers  on  this 
subject  must  f Jways  remain  as  a  great  and  incontrovertible  addition 
to  om-  knowletlge  of  tbe  highest  Vertebnita.^  His  published  papers 
only  represent  a  portion  of  tlie  work  he  had  done  in  zoology,  for 
be  had  accumulated  in  notes  and  drawings,  as  well  as  in  his 
memory,  an  immense  amount  of  information  on  the  structure  of 
both  Mammals  and  Birds,  parts  only  of  which  ha*!  Iveen  utilised  in 
his  various  papers.  These  notes  and  drawings  till  several  volimiea 
of  note-books,  and  have  fortunately  been  preserved  intact.  Of  his 
work  on  the  "  Anatomy  of  Birds,"  which  was  originally  to  have 
been  published  in  three  fasciculi,  the  MS.  of  the  two  portions  com- 
menced has  been  also  foriuniiUdy  preserved.  As  originally  planned, 
tbe  first  fasciculus  of  tlus  Ixiok  was  to  contain  a  detailed  account 
of  the  anatomy  of  tbe  common  fowl,  as  a  tyf^e  of  birds  in  general. 
The  setiond  fas^-iculus  vruB  to  be  devoted  to  a  comparative  aceount 
of  the  **  soft  parts  "  of  the  diflerent  families  of  birds  in  systematic 
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order,  whilst  the  third  was,  we  believe,  to  have  been  devoted  to 
the  osteology,  and  a  general  r6su7ni  of  the  results  arrived  at  as 
regards  classification.  Of  these  fasciculi,  the  MSS.  of  the  first  and 
second  were  well  advanced  at  the  time  of  Grarrod's  death ;  the  first 
part  indeed  is  nearly  completed,  whilst  the  second  is  about  half 
done,  and  it  is  hoped  that  at  no  very  distant  date  these  may  be 
completed  and  published  by  his  successor  in  the  Prosectorship.' 

Besides  these  MSS.  one  or  two  incomplete  papers  have  been 
left,  though  hardly  any  sufficiently  finished  for  publication,  except 
the  one  herein  contained,  and  now  published  for  the  first  time,  on 
the  anatomy  of  the  Diving  Petrel  {PdecanoHdes), 

There  are  in  addition  a  very  large  number  of  detached  notes 
and  drawings,  many  of  the  latter,  depicting  the  conformation  of . 
the  trachea  in  different  groups  of  birds,  being  the  more  interesting 
as  having  been  made  during  his  lingering  illness  when  not  too  weak 
for  such  occupation.  Of  his  zoological  papers  indeed,  the  orni- 
thological ones  must  probably,  on  account  of  their  more  novel 
character,  and  as  affording  entirely  new  data  for  the  solution  of 
the  various  problems  connected  with  the  classification  of  Birds, 
which  he  revolutionised,  be  considered  of  the  greater  importance. 
No  future  worker  in  that  group  can  neglect  the  facts  or  ideas  con- 
cerning it  that  we  owe  to  Garrod,  and  they  alone  suffice  to  put  his 
name  in  the  very  first  rank  of  those  who  have  ever  studied  these 
creatures,  and  to  stamp  his  work  on  Birds  as  truly  *' Epoch- 
macJiende"* 

A  final  word  may  be  said  on  Garrod*s  character  as  a  mstn.  The 
universal  regret  which  his  premature  death  has  caused  amongst  all 
who  knew  him,  whether  intimately  or  casually,  naturalists  or  not, 
is  the  surest  sign  of  the  esteem  in  which  he  was  held.  Unselfish 
and  generous,  he  was  always  ready  to  help  anyone  as  far  as  possible, 
with  advice  or  material.  Always  cheerful,  and  with  a  wide  range  of 
information  and  interest,  he  was  a  companion  of  whose  society  one 
never  wearied.  A  man  of  strong  character,  with  great  energy  and 
pronounced  views  on  many  subjects,  he  yet  did  not  make  enemies. 
Those  who  knew  him  best  loved  him  most,  and  feel  deeply  how 
little  is  the  chance  of  their  meeting  with  his  like  again. 

•  A  more  detailed  review  of  Gkmrod's  ornithological  work,  by  the  editor  of  th© 
present  Tolume,  will  be  found  in  the  "  Ibis  "  for  1881,  pp.  1-32. 
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PART  I. 

PHYSIOLOGICAL  PAPERS. 


1.  ON  THE  CAUSE  OP  THE  DIASTOLE  OF  THE       Page  390. 
VENTRICLES  OF  THE  HEART.* 

The  existence  of  an  active  diastole  of  the  ventricles  of  the  heart  fol- 
lowing each  systole  has  been  long  recognised  by  physiologists,  and 
there  have  been  several  explanations  given  of  the  phenomenon ;  bat 
they  are  all  subject  to  grave  objections,  and  fresh  methods  of  research 
have  overthrown  them  one  after  another. 

The  object  of  the  present  article  is  to  show  that  this  active  diastole 
is  mainly  dependent  on  the  tnrgescence  of  the  walls  of  the  heart, 
consequent  on  the  flow  of  blood  into  the  coronary  arteries  immediately 
after  the  systol6. 

The  experiments  of  Yanst  in  1821,  together  with  the  known  ana- 
tomical arrangement  of  the  commencement  of  the  aorta,  strongly 
&Yoar  the  supposition  that  during  the  ventricular  systol6  the  circula- 
tion in  the  walls  of  the  heart  ceases  on  account  of  the  close  relation 
between  the  segments  of  the  aortic  valve  and  the  orifices  of  the  coronary 
arteries. 

Immediately  the  aortic  valve  is  closed  the  impediment  to  the  flow 
of  blood  into  the  coronary  vessels  is  removed,  and  the  sadden  repletion 
'thus  caused,  directly  after  the  closure  of  the  valve,  produces  an  equally 
sudden  tnrgescence  of  the  walls  of  the  ventricles,  the  auricles  from 
their  thinness  not  being  similarly  affected.  This  tnrgescence  of  the 
tissue  of  the  heart  produces  an  active  opening  out  of  the  cavities  of  the 
ventricles,  and  in  a  very  short  time  they  reach  their  maximum  size. 

The  following  experiment  supports  this  theory: — take  a  sheep's 
heart  which  has  at  least  two  inches  of  the  aorta  left  on ;  attach  the  cut 
end  of  the  aorta  to  a  pint  syringe  full  of  water  and  inject ;  the  first 
effect  of  this  operation  is  the  closure  of  the  aortic  valve,  immediately 
after  which  water  enters  the  coronary  arteries,  the  ventricular  walls 
swell,  and  the  cavities  of  the  ventricles  open  out  to  their  full  extent.  Page  891. 
It  will  be  then  found  that  the  heart  is  tough  and  not  easily  compres- 
sible, and  if  it  be  cut  in  two  dietween  the  apex  and  base,  the  halves 
show  the  cavities  fully  dilated,  and  they  remain  so  until  the  water  has 
escaped  from  the  cut  orifices  of  the  vessels.  The  shortness  of  the 
coronary  arteries  and  the  sudden  way  in  which  they  break  up  into 
minnte  ramifications  favours  the  rapid  tnrgescence  of  the  heart  walls. 

If  this  theory  be  correct  it  follows  that  there  must  be  an  absorptive 
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^^^^^^H^             4                                ON  THE  CAUSE   OF  THE  DIAgTOL^ 

^^^^^^^^H             force  GxercLBcd  in  both  the  ventricleB  immediately  after  t^ 
^^^^^^^^H             the  aortic  valve,  and  Marej  found  that  to  be  the  case  wh< 
^^^^^^^^H              in  either  ventricle  an  ampoule  registering  negative  pressur 
^^^^^^^^^p                   The  relation  between  the  cardiograph  traces  from  tl 
^^^^^^^^^B              and  aorta  throw  so  mnch  light  on  the  point  nnder  considei 
^^^^^^^^^^H              detailed  description  of  them  i^ill  not  be  out  of  place. 
^^^^^^^^^^                   The    diagram   is  taken   from  Marey's  work  De  hi  Oi 
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^^^^^^^^^^^^H                                           Ko.  I  h  the  trace  from  the  left  rentride. 
^^^^^^^^^^^^H                                              No.           from  the  aorta. 

^^^^^^^^^^F                    BimultntieoDB  cTcDts  arc  recorded  in  the  Muue  longittidinfll  tine,  i 
^^^^^^^^^^B               bj  tlieir  hm  and  fall  mdkate  aitentionfl  of  preaeiire  in  the  rentr 
^^^^^^^P^H              ratpootiTelj. 

^^^^^            Piige  ^92,        No  more  reference  will  he  here  made  to  the  systolic  th 
^^^^^^^                     sary  to  explain  the  diastolic  movements. 
^^^^^^H                           Towards  the  end  of  the  cardiac  systole,  the  presson 
^^^^^H                    tinues  to  increase  in  the  ventricles   (t>)   diminishes  in  tli 
^^^^^B                    becanse  then  the  latter  receives  less  blood  from   the  h 
^^^^^H                     tnmsmits  to  the  capillaries. 

^^^^^H                          After  this,  it  is  considered  by  Marey  that  the  nndnlati 
^^^^^H                    upper  trace  corresponds  with  c  in  the  lower,  and  that  t 
^^^^^H                    caused  by  the  olosore  of  the  aortic  valve;   he  also  thii 
^^^^^H                    between  m  and  m  in  the  upper  trace  to  be  due  to  the  relaj 
^^^^^H                    Tentricle,  and,  withont  explaining  why,  states  that  at  that 
^^^^^H                     pTOflaare  falls  ordinarily  below  zero.     6nt  on  carefully  lo 
^^^^^^B                     own  diagram,  as  copied  above,  it  is  clearly  seen  that  the 
^^^^^^H                     in  the  aortic  slightly  precedes  ar  in  the  ventricular  tr&< 
^^^^^^H                     together  with  the  results  obtained  by  Chauvcau,  by  means 
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bined  hsdmadromometer  and  spbjgmoscope,  and  confirmed  bj  Lortet, 
leads  me  to  donbt  the  correctness  of  Marej's  explanation,  and  to 
advance  the  following. 

Daring  the  main  yentricnlar  descent  the  aortic  pressure  increases 
(c),  probably  from  tbe  rise  of  the  base  of  the  heart  after  its  contraction, 
just  as  at  the  commencement  of  the  sjstol6  it  falls  (a)  from  the  oppo- 
site caose. 

When  all  contraction  has  ceased,  the  only  impediment  to  regnrgi- 
tation  from  tbe  arteries  is  the  passive  resistance  of  the  ventricular 
iralls,  which  is  comparativelj  slight ;  so  that  blood  flows  back  to  the 
heart,  compressing  the  ampoule  in  the  ventricle  and  causing  the  eleva- 
tion X  in  the  upper  trace,  while  it  necessarily  produces  a  similar  depres- 
sion in  the  lower  one. 

When  the  reflux  of  blood  has  become  sufficiently  rapid,  the  aortic 
valve  doses,  and  in  so  doing  puts  an  abrupt  stop  to  the  ventricular 
rise  X,  Immediately  after  this  the  coronary  repletion  and  consequent 
turgescence  commences,  as  shown  above,  and  by  opening  out  the  cavi- 
ties of  the  ventricles,  diminishes  the  pressure  on  the  contained  ampoule, 
and  so  depresses  the  trace  below  zero. 

The  tendency  to  the  formation  of  a  vacuum,  together  with  the 
associated  raising  of  the  base  of  the  heart,  causes  so  great  a  rush  of  Page  898. 
blood  from  the  auricles,  which  as  Mr.  Bryant  has  shown  are  then  quite 
full,  that  a  slight  undulation  is  produced  in  the  ventricular  trace  z. 

The  increase  in  bulk  of  the  ventricular  walls,  consequent  on  the 
coronary  repletion,  takes  place  in  all  directions,  and  by  expanding  the 
whole  conical  heart,  pushes  the  base  up  into  the  cavity  previously 
occupied  by  the  full  auricles,  which  it  simultaneously  empties  by  the 
absorptive  force. 

This  theory  being  true,  tbe  heart  is  a  machine  in  which  simpliciiy 
of  action  and  economy  of  force  are  most  marked.  The  systolic  move- 
ments fill  the  reservoirs  which  are  to  feed  the  cavities  they  empty ;  and 
all  the  diastolic  forces  are  expended  in  active  preparation  for  the  suc- 
ceeding systole ;  the  circulation  in  its  walls,  besides  its  primary  object, 
even  aiding  its  mechanical  function. 
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FHe4ii>  2.  OX  SOME  OF  THE  KINOB  FLUCTUATIONS  IN  THE 
TOIPERATURE  OF  THE  HUMAN  BODY  WHEN 
AT  BEST,  AXD  THEIB  CAUSE.* 


The  aatbor*s  object  in  the  foUowmg  oonmniiiicaftuHi  is  to  Aam  Osi 
the  minor  flnctnationB  in  the  tempentnre  of  the  i 
clading  those  arising  from  morementB  of  mnflcleSi  i 
alterations  in  the  amount  of  blood  exposed  at  its  tnifaoe  to  ttwii 
of  €;ztemal  absorbing  and  oondncting  media. 

In  the  following  Tables,  when  not  otherwise  mentioaeJ,  aD 
temperatures  are  taken  under  the  tongue,  the  i 
in  the  month  for  fire  minutes,  except  when  the  < 
each  two-and-a-half  miuutes,  on  which  occaskms  the  tfimpeimtors  of 
the  bulb  was  not  allowed  to  fall  below  85^. 

It  maj  be  remarked  that  in  no  case  mentioned  below  was  the  tem- 
fierataro  of  the  air  above  So"*  F.,  and  that  on  all  occasions  the  skin  wu 
dry,  whereby  any  complications  from  the  presence  of  perceptible 
molHture  were  avoided  ;  and  the  arguments  based  on  the  facts  neoessi- 
tate  an  approximation  to  those  conditions. 

The  1  ables  have  been  selected  from  a  great  number  of  dfawrra- 
tions ;  and  no  results  have  been  obtained  which  are  not  eaailj  ex- 
plained on  the  theory  given. 
Vmgii  42fi        The  temperatures  were  taken  on  one  subject,  aged  22,  male^  thin. 
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No.  h~From  10.30  Rii  UU  12  night. 
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Sitting  in  aTC>om  (temp,  of  iirG6°F.) 
all  the  time.  Fully  clad  till  11,  wluin 
ft  rip  pod  in  a  uiinuto,  therefore  nude  at 
11  J.  Warm  when  drewed,  but  got 
cold  wben  nude.  At  11,40  coTewd  bodj 
all  oyer  with  &  tbick  blaiikct,  »ooti  fol- 
io wt*d  by  a  aligbt-  skin -glow.  In  tho 
blanket  until  12  nigbt. 

When  body  covered,  pulse  much  m<jrt 
bounding  than  when  not  coTered. 
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Ko.  \\,—¥tma  11.15  r.M.  illl  12.30  nigliL 
97°  as^  99'  100" 
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Standing  from  11  till  12«5  in  ft 
room  with  the  tliermouicter  at  47* 
F.,  wurraty  clad  till  11,30,  wben 
!*tripped  in  two  miniitesiT  ho  nude  at 
11.32.  FaLrlj  wami  all  the  while. 
Got  to  bed  at  12,(5,  and  by  closely 
wrapped  by  bedclothes  for  the  rest 
of  the  time.  A  decided  glow  came 
un  at  12.11|,iajfting  a  numite,  after 
which  ft-ct  become  a  little  cold,,  but 
iikin  C'f  body  quite  warm. 

Whibt  *t4indii)g  nude  pulse  small, 
but  bounding  when  dreswd  and 
when  in  bed* 


WT 


98" 


99" 


lUO'' 


0  Indicates  the  tcmperatiire  of  the  pectoral  fcgion,  two  inches  above  tbe  nipple, 
ken  by  placing,  for  fire  minutes,  a  flat  spiral  tberworaetcr  on  the  part, 
0  Indicatoe  the  temperature  of  the  front  of  the  *high,  with  tbe  same  instrument 
u  the  hull. 


Kude  At  ILll  ill  a  mum 
(icmp.  of  air  56^.  SUnding 
from  10.50  until  I2.S0  tuidc.  ^t 
12,21  got  to  bed,  udd  trinaitiMt 
there  rest  of  time.  At  1 1.46  be* 
gan  morinf  about  and  »t<K«pin^ 
and  wbeii«Ter  ttooped  felt  a 
chiH,  Quite  AliiTefing  from 
11.571  till  12  7i,  wbeti,  leaving 
off  moTing,  the  »hiTi*ruig  ceased, 

in^ben  in  bed  had  no  marked 
gIox%%  and  feet  continoed  to  be 
>^  arm ;  tkin  of  thiglu  not  itarm. 

The  following  i»  tbe  vphTgino- 
graphic  curvv  of  radial  artefy  at 
wriet:  wli(*n  in  bf«d  at  12.40, 
pulee  Bame  as  at  11  (ibe 
proasurc!  vcm  iwed  on  Uw  apHvg^ 
ntogmpb  -  §pnng  m  all  the 
tmws)  :^ 
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Puge  422. 
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v.— /'Vow  10,30  P,M,  h7;  12  nljld, 
lOtf 


Sitting  in  a  room  (t«mp.  of  air  58"  F.)  all  the 
time.  Warmly  oliid  lill  1 1»  when  stripped  in  two 
niinut«»,  no  nude  at  1L2.  At  1L20  ireiii  for  hulf 
a  minute  into  a  colder  rooto.  At  11 '^15  put  on 
seTcral  flawnol  tbing»t  which  hati  bwu  wanned  bj 
the  iire,  aiitl  eat  m  fivnt  of  a  warm  fire- 
Took  aphvgniogTaph -trace  from  right  ouperli- 
ciiilis  vohi5  ttt  10.40  and  at  ILIO.  Tried  U>  do  so 
at  ILM),  but  could  not  gft  anj  indit^tion^  from 
the  sinoUneBA  of  ita  pulsation.  At  12  the  pul^a* 
tiou  was  as  greal  u  at  10'40. 


No.  VL— Fiww  10.30  p.m.  iiil  IV Ah  f.m. 


Sitting  in  a  room  (t-emp.  of  air  59**  F.)  from 
1>.30  unlil  10.40^  quiet,  cool,  aucl  wannlj  clad. 
From  10. -to  tDl  10.55  muTing  jibout  in  the  same 
room»  Stripped  at  10"55,  and  mide  in  two 
luiiuifes.  Remained  nude  nnlil  11.21',  when  got 
to  bed,  and  remained  there  for  the  rt^*t  of  the 
time. 
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Page  423.  ^^^  YU.—From  U.IO  P.M.  till  1L55  P.M. 

StundlnginftrooiD  (temp,  of 
air  63^  F.)  from  11  until  11.85. 
Full  J  ckd  until  11.9,  wlieo 
etripped,  and  nude  at  11.10. 
Continued  nude  until  12,  A% 
11.25  seated,  and  pemaiiied  to 
until  12,  on  &  bed.  At  11.40 
put  feet  in  wiifcpr  from  llCf^ — 
lli^'j  aborc  &ukles,  and  f»» 
niained  thufl  rest  of  timef  main- 
t&imiig  Ibe  heat  of  the  water. 
Chillj  when  feet  in  bath,  not 
before.  At  11.521  ooDtraefced 
limb  muBclefl  tonicallj,  and 
maintained  them  to  until  11*55. 
0  Indicatet  teraporature  of  poctoml  regioni  two  inchea  above  nipple,  taJten  wiUi 
apiral  thermometer,  for  five  minutes. 
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No.  VIIL- 
9ir 


-From  11.25  p.m.  till  12.40  nighL 


lOO' 


11. 


11.50 
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la,25 
12.30 
12.36 

12. '10 
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Standing  in  a  room  (temp,  of  air  58*  F.) 
from  11  until  12,  and  sitting  during  the  reat 
of  the  time  on  a  bed.  Fully  clad  until  11.50. 
Nude  from  11.52,  and  remaizied  lo.  Feet  a 
Utile  eold  at  12.20,  and  put  them  into  h^t 
water  (108''^  114)  at  12.21,  gradually  tu- 
rreiiaing  the  heat  of  the  water.  Kept  leet  in 
water,  above  imkles,  until  12.40. 

On  adding  more  hot  water  and  putting  fc9t 
iu  it  chilU  followed. 


No.  IX.— From  9J5  a.m.  till  10  a.m. 
90'  10(f 
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Sitting  all  the  while  in  a  room  (temp,  of  air 
62**  F,)»  not  far  from  an  ordinarj  fire. 

Felt  cold  all  over  during  the  time.  Beading. 
At  9.30  turned  to  the  fire  and  put  feet  on  the 
fender,  baring  been  previoualy  quite  at  tlie  aide 
of  the  fireplace.  Aa  feet  got  warm,  hands, 
which  were  pitmoualy  warm*  became  cold. 

Clad  in  winter  clothee. 
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No.  X.— From  11.10  a.m.  tUl  12.40  P,M.  Page  484. 


TempemtuM  of  nir  621°  F.  A  cloudy,  breesr  d&y.  At 
11  walked  about  200  jarda  on  to  a  beach,  and  «at  dovn 
on  tliu  Bkiflgle  at  11.5,  vbere  tbpre  waa  a  slight  aide 
breeze.     Handa  and  feet  a  liltle  cold. 

Sun  covered  by  clouds  until  11.35^  after  whieh  it  bo* 
gan  to  ihiJie ;  innniediately  after  which  began  to  fe«l 
warm,  and  c%>ntiiiued  to  get  warmer  until  12.7,  when  at 
12.7  a  cloud  coTered  »un  mitil  12.11.  During  time  sun 
covered,  several  chillfl  came  over  bodj. 

Walking  in  Bun  from  12.16  onward. 

Clad  ill  thin  merino  next  akin  and  aummer  clothea. 


No.  XI.— From  3  p.m.  till  (J  p.ir. 


Temperature  of  air  fi€^  F.,alowly  diminkhiiag 
to  64"^  F.  Sitting  on  a  beach  from  3  until  5, 
after  a  dinner  at  2.16-2.46.  A  ilight  face 
breeze.  In  the  shade.  Warm  until  4. IS,  when 
feet  began  to  get  a  little  cold,  and  b j  5  so  cold 
that,  obliged  to  move  about.  At  5  began  to 
walk  bIowIj^  and  bad  to  go  up  severai  ateps. 
At  5.20  began  to  walk  brisk ly.  Began  to 
pcrapire  at  6.25.  Continued  walking,  per* 
aptring  until  6. 
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To  explain  these  Tables ; — 

The  actual  temperature  of  the  body  at  any  given  moment  must  b© 
the  resultant  of  (1)  the  amount  of  heat  generated  in  the  bod j,  and 
(2)  the  amount  lost  by  conduction  and  radiation. 

(L)  The  90utee  of  heat  in  the  body  is  not  considered  in  this  paper  j 
and  no  more  will  be  now  said  of  it,  except  that  there  is  every  reason 
to  believe  that  it  ia  not  in  the  skin  itself,  and  that,  for  the  short 
periods  through  which  each  observ^ation  was  made,  it  is  approximately 
uniform. 

(2.)  The  Iog8  of  heat  from  the  body  is  modified  by  changes  in  the 
skin  and  by  changes  in  the  surrounding  media;  and  these  two  are 
mntnally  dependent. 

It  has  long  been  known  that  cold  contracts  and  heat  dilates  the 
small  arteries  of  the  skin^  respectively  raising  and  lowering  the  arte- 
rial tension,  and  thus  modifying  the  amount  of  blood  in  the  cutaneous 
capillaries. 

But  modi^cations  in  the  supply  of  blood  to  the  skin  must  nlt-er 
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the  amount  of  heat  diffused  by  the  body  to  sarronnding  substances  i 
and  80  we  shoald  expect  tbat  by  increasing  the  arterial  tension ,  thii» 
lessening  the  cutaneona  circnlation,  the  blood  would  become  hotter 
from  there  being  less  facility  for  the  diS^nsion  of  itfi  heat,  and  that  by 
IPa^  425.  lowering  the  tension,  thus  increasing  the  entaneons  circulation,  the 
blood  would  become  colder  throughout  the  body,  from  increased 
facility  for  conduction  and  radiation. 

That  Buoh  is  tlie  case  is  proved  by  Tables  I,  II,  III,  IV,  V,  and  VI, 
where,  by  stripping  the  warm  body  of  clothing,  in  a  cold  air,  when  th© 
tension  was  low  (as  in  Tables  IV,  V,  shown  by  the  sphygmogrmph* 
trace),  the  temperature  and  tension  rose,  at  the  same  time  that  the 
surface  became  coMer. 

In  Tables  1,  II,  III,  IV,  V,  and  VI,  by  covering  the  nnde  body 
with  badly  conducting  clothing,  when  the  tension  was  high,  the  sorfaoe- 
heat  soon  accumulated  sufficiently  to  cause  a  sudden  reduction  of 
arterial  t'Cnsion,  commonly  called  a  glow,  and  a  rapid  fall  in  the  tem> 
peratures,  from  the  larger  amount  of  blood  exposed  at  the  surface  of 
the  body  to  the  influence  of  colder  media. 

Changes  in  the  arterial  tension  are  easily  recognised  by  the  subject 
of  experiment,  from  the  sensations  they  produce ;  a  feeling  of  warmth 
followed  by  a  shiver,  or  a  shiver  itself,  generally  shows  that  the  tension 
is  lowered,  while  the  opposite  effect  follows  a  rise  in  the  tension ;  and 
this  can  be  generally  confirmed  by  the  sphygmograph* trace.  A  bounding 
weak  pulse  shows  a  low,  and  a  small  tlircady  one  a  high  tension. 

We  know,  from  the  observations  of  Davy  and  others,  that  by 
reducing  the  tension  in  one  part  of  the  body  the  tension  of  other  parts 
is  lowered ;  thus  by  placing  one  hand  in  hot  water,  a  thermometer  la 
the  other  rises.  In  Tables  VII  and  VIII,  it  is  shown  that  by  patting 
the  feet  in  hot  water  (at  110°  to  115°)  the  lowering  of  the  tension  was 
so  great  that  the  amount  of  heat  lost  into  the  air  considerably  exceeded 
that  gained  to  the  body  from  the  water,  so  that  the  temperature  of  the 
body  began  to  fall  directly,  and  deoreaBed  coDBiderably ;  and  it  wa«t 
noticed  tJiat  on  adding  more  hot  water  chills  were  produced,  whicb 
was  the  same  as  the  effect  of  first  putting  the  feet  in  the  water. 

By  covering  a  small  part  of  the  body  with  a  bad  conductor^  tho 
tension  of  tho  whole  body  soon  falls,  from  the  accumulation  of  heat 
in  the  covered  parts  causing  a  lowering  in  the  tension  generally,  and 
a  consequent  greater  carrying  away  of  heat.  In  this  way  the  fall  after 
sitting  down  on  a  bad  condnctor  when  nude  can  be  explained 
(Table  VII). 

A  glow  is  felt  in  the  skin  directly  upon  short  muscular  movement^ 
as  stooping,  and  the  temperature  falls  at  the  same  time,  as  in  Table  IV« 
between  II Ab  and  12.20,  and  in  Table  XI,  between  5.0  and  5.15.  In 
the  latter  case  the  muscular  movement  was  carried  to  such  an  extent 
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tliat  the  loss  was  made  up  for  by  the  increase  of  heat  from  the  mnscn- 
lar  movement. 

Simply  heating  the  feet  lowers  the  tension  and  temperature  together, 
as  in  Table  IX  and  in  Table  X.  The  passage  of  a  cloud  before  the 
snn  seems  to  have  acted  by  reducing  the  loss  of  heat,  as  the  tempera- 
ture rose  at  the  time. 

Further  confirmation  of  the  &ct8  stated  as  to  the  modification  of  Page  426. 
arterial  tension  may  be  found  in  Marey's  work,  Be  la  Circulation^  du 
Sang,  published  in  Paris  in  1863.     In  that  book  the  author  ascribes 
the  uniformity  of  the  heat  in  the  internal  parts  to  the  same  cause  as 
the  author  of  the  present  paper  ascribes  the  variations. 

The  fact  observed  by  Dr.  W.  Ogle  in  the  St.  George's  Hospital 
Beports  for  1866,  and  by  Drs.  Ringer  and  Stewart  in  a  paper  read 
before  the  Royal  Society  this  year,  that  the  temperature  falls  at  night, 
and  is  lowest  at  from  12  to  1  A.M.,  and  begins  to  rise  after  that  time, 
is  simply  explained  on  the  theory  given  above ;  for  it  depends  on  the 
custom  of  Englishmen  going  to  bed  at  about  that  hour,  and  thus  giving 
a  large  amount  of  heat  to  the  cold  bedclothes,  which  at  first  is  expended 
in  warming  the  sheets,  &c.,  while  later  on  in  the  night  the  bedclothes 
are  warm,  and  therefore  the  body  has  only  to  make  up  for  the  heat 
diffused. 

Other  natural  phenomena  can  be  similarly  explained.  Thus,  on  a 
cold  day,  the  effect  of  sitting  with  one  side  of  the  body  in  the  direct 
rays  of  a  fire  is  to  cause  the  other  side  to  feel  much  colder  than  if  there 
was  no  fire  at  all,  because  the  fire  lowers  the  tension  over  the  whole 
body,  and  supplies  heat  to  the  full  cutaneous  vessels  of  one  side,  while 
the  other  side,  being  equally  supplied  with  blood  in  the  skin,  does  not 
receive  heat,  but  has  to  distribute  it  rapidly  to  the  cold  clothes,  &c. 


14 


ox  THE  SPHYGMOORAPH  TRACE. 


a  ON  THE  RELATIVE  D ORATION  OF  THE  COMPO- 
NENT  PARTS  OF  THE  RADIAL  SPHYGMOGRAPH 
TRACE  IN  HEALTH,* 


(Plate  I,) 


Fige  851.  The  ^[raptic  metliod  of  representing  the  various  phenomena  occurring 
m  the  body  during  life^  which  has  been  so  much  developed  by  MM, 
Marey  and  Chanvean  of  Paris,  has  placed  within  our  reach  great 
facilities  for  obtaining  an  accurate  knowledge  of  the  relations,  in 
point  of  time,  of  mntuallj  dependent  phj Biological  events,  and  the 
spbygmograph  has  become,  among  others,  an  instrument  familiar  to 
moet  interested  in  science. 

By  means  of  this  inatmment  a  detailed  and  truthful  record  can  be 
easily  obtained  of  the  modifications  in  the  diameter  of  any  superficial 
artery,  and,  as  usually  constructed,  it  is  intended  to  be  applied  to  the 
radial  at  the  wi-iat. 

The  traces  to  be  referred  to  were  taken  with  one  of  Marey's  instra- 
mentSp  as  made  by  Breguet.  The  recording  paper  ran  its  whole  length, 
4|  inches,  in  seven  seconds,  and  thus,  by  counting  the  number  of 
pulse- beats  in  each  trace,  and  multiplying  the  number  ihoB  obtained 
by  8' 57143,  the  rate  of  the  pulse  at  the  time  the  trace  was  taken 
wiis  easily  found. 

The  lever-pen  waa  of  thin  steel,  sharply  pointed,  and  it  recorded 
by  scratching  on  highly-poliahed  paper  previously  smoked. 

It  is  now  generally  agreed  that  in  each  pulsation  of  the  radial 
sphygTOOgraph  trace,  the  main  rise  is  the  effect  of  the  contracting 
ventricle  sending  blood  into,  and  thus  filling,  the  arterial  system. 

This  rise  is  followed  by  a  continuous  fall  when  the  pulse  is  qnick, 
but  when  slow^  its  continuity  is  interrupted  by  a  shght  uudolation, 
convex  upwards. 

Tlie  major  fall  is  followed  bj  a  secondary  rise,  not  so  considerabJe 
as  the  main  one,  but  more  marked  than  any  other,  and  this  secondary 
rise  is  evidently  due  to  the  closure  of  the  aortic  valves  preventing 
further  flow  of  blood  heart  wards. 

The  two  points  therefore,  the  commencement  of  the  primary  and  of 
the  secondary  rise,  may  be  considered  to  mark  the  beginning  of  the 
systole  of  the  heart,  and  the  closure  of  the  aortic  valve  respectively,  aa 
far  as  they  influence  the  artery  at  the  wrist ;  and  the  interval  between 
these  two  eventa  may  be  called  the  first  part  of  the  arterial  sphygmo* 
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•  "  Pme«dingi  of  the  Bojftl  Socif t j,''  XY 111.  pp.  361-4^  Fl.  II.    iU«d  May  19, 
1870. 
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graph  trace,  while  the  interyal  between  the  beginniDg  of  the  secondary  Page  352. 
rise  and  that  of  the  sacceeding  primary  one  constitntes  the  second 
part  of  the  same  trace. 

In  1865,  Prof.  Donders*  published  the  results  of  experiments  to 
determine  the  relative  duration  of  the  first  and  second  part  of  the 
cardiac  reyolution  with  different  rapidities  of  movements  of  the  heart, 
taking  as  his  data  the  commencement  of  the  first  and  second  sounds 
re8x>ectiyely,  and  he  came  to  the  conclusion  that,  though  the  second 
part  varied  with  the  rapidity,  the  first  part  was  almost  constant  in  all 
cases. 

On  commencing  work  with  the  sphygmograph,  the  author  came 
to  the  same  conclusion  with  regard  to  the  trace  at  the  wrist,  but,  on 
improving  his  methods  of  observation,  he  has  arrived  at  a  different 
result. 

The  best  means  of  insuring  an  accurate  measurement  of  any 
sphygmograph  trace  is  to  project  all  the  points  desired  to  be  com- 
pared on  to  one  straight  line,  and  this  is  done  by  fixing  the  trace  on 
to  a  piece  of  board,  which  has  another  pointed  lever  attached  to  it, 
with  relations  similar  to  those  of  the  lever  and  recording  apparatus  in 
the  original  instrument.  By  this  means  lines  can  be  scratched  on  the 
trace  similar  to  those  which  would  be  produced  by  the  instrument 
itself  if  the  watch- work  were  not  moving,  and  a  result,  as  shown  in 
Plate  I.  fig.  1.  can  be  easily  produced. 

The  reason  why  this  means  has  to  be  employed  is,  because  the 
lever  in  the  sphygmograph  moves  in  part  of  a  circle,  not  directly  up 
and  down. 

The  ratio  between  the  length  of  the  first  part  of  each  pulse-beat 
in  a  trace  and  that  of  the  whole  beat  was  measured  with  a  small  pair 
of  compasses,  and  from  these  the  average  was  obtained,  which  thus 
eliminated,  in  a  great  degree,  the  variations  produced  by  the  respira- 
tory movements,  and  also  some  of  the  clock-work  imperfections. 

For  example,  in  fig.  1,  the  ratios  in  the  several  beats  are : — 

1-8 

1-725 

1-725 

1775 

1725 

17 

1725 

1775 

1-8 

•  "  On  the  Rhythm  of  the  Sounds  of  the  Heart.'*  By  F.  C.  Bonders.  Trans- 
lated in  the  "  Dublin  Quarterly  Journal  of  Medical  Science/'  Feb.  1868,  from  the 
"  Kederlandisch  Archief  yoor  C^enees-  en  Natuurkunde/'  Utrecht,  1865. 
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1775 
1-675 
1-75 
1-75 
1-725 

with  an  average  of  1  :  1*7443. 
Page  863.        Again,  in  fig.  2,  the  ratios  are : — 

1:38 
:  3775 
:3-8 
:  3-825 
with  an  average  of  1  :  3*8. 

Galling  the  rat«  of  the  pulse  x,  and  the  number  of  times  the  first 
part  is  contained  in  the  whole  beat  y,  xy  equals  the  number  of  times 

that  the^r^^  part  is  contained  in  a  minute,  and  —  equals  the  part  of  a 

xy 
minute  occupied  by  the^r^^  part  of  each  pulse-beat. 

From  several  observations,  it  was  found  that  xy  increases  Yfi^  x^ 
not  directly  as  it,  but  as  its  cube  root,  consequently  the  following 
equation  finds  ^  in  terms  of  a;, 

ayr  =  ^  y  », 
h  being  a  constant,  equal  to  47  (about). 

For  instance  in  fig.  1,  «  =  137,  y  =  1*7443 ; 
and  in  fig.  2,  «  =  44,    y  =  3-8; 

and  137  x  17443  =  238*9691, 

44  X  3*8  =  167*2; 
and  238-9691  :  167*2  : :  143  :  1, 

and  5^137  :    VAA  :  : 

=  5-155  ;  3-54  :  :  1*456  :  1, 
which  shows  that  in  these  individual  cases  xy  varies,  within  the  limits 
of  experimental  error,  as  the  cube  root  of  x. 

If  this  statement  of  the  ratio  of  the  first  part  of  the  trace  to  the 
whole  beat  is  a  correct  one,  a  knowledge  of  the  rapidity  of  the  pulse 
alone  is  sufficient  to  enable  the  length  of  the^r^^  part  to  be  found  by 
multiplying  the  cube  root  of  the  rapidity  by  the  constant  quantity  47. 

Thus,  supposing  the  pulse  beats  64  times  in  a  minute,  the  cube 
root  of  64  being  4,  4  x  47  =  188,  and  the  length  of  the  first  part  of 
the  beat  ought  to  be  y^^  ^^  ^  minute.  In  one  case  with  x  =  64,  xy 
was  found  to  be  185*75,  and  in  another  with  x  =  63*5,  xy  =  18177, 
both  nombers  which  agree  closely  with  the  requirements  of  the  equa- 
tion. 

With  X  =  140,  and  therefore  Vx  =  5*2, 

5-2  X  47  =  244-4; 
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and  therefore  the  first  part  =  fir  "  lir  ^^  &  minnte ;  in  a  pulse  of 
that  rapidity  xy  was  found  =  242*9. 

To  save  the  trouble  of  extracting  the  cube  root  for  any  rapidity, 
these  facts  have  been  thrown  into  a  co-ordinate  form  in  the  accom- 
panying table,  and  the  observations  on  which  the  formula  is  based  are 
represented  by  dots  on  their  proper  co-ordinates,  the  calculated  curve, 
with  k  =  47,  being  represented  by  a  continuous  line. 

Since  the  above  equation  was  worked  out,  a  great  many  other 
observations  have  been  made,  several  of  which  are  recorded  on  the  Page  354. 
table,  and  in  health  no  cases  have  been  found  which  depart  from  the 
curve  more  than  those  indicated  on  it. 

The  observations  made  on  the  author  are  represented  by  simple 
black  dots,  those  made  on  others  are  encircled  by  a  ring ;  great  size  of 
a  dot  indicates  that  more  than  one  independent  observation  has  pro- 
duced exactly  similar  results. 

In  none  of  the  cases  have  measurements  been  made  after  violent 
exercise.  Differences  in  the  height  and  age  of  the  subjects  experi- 
mented on  have  not  been  found  to  produce  any  appreciable  effect. 

The  trace  from  infants  has  not  been  examined. 

From  the  equation  osy  =  Vx .  k  the  length  of  the  second  part  of  the 

k  —  V^ 
pulse  trace  may  be  represented  in  terms  of  «,  as  r — ;  and  as 

from  the  nature  of  y  it  cannot  be  less  than  unity  (no  pulse  having 
been  seen  with  two  contractions  or  more  between  two  successive 
closures  of  the  aortic  valve),  the  limit  of  cardiac  rapidity  may  be  de- 
duced to  be  322  in  a  minute  (k  =  47)  ;  but  it  is  scarcely  probable  that 
pulses  of  such  a  rate  could  remain  so  sufficiently  long  to  be  counted. 

In  many  cases  of  disease  implicating  the  circulatory  system,  the 
equation  given  above  indicates  that  ihe  dufation  of  the^r«^  part  of  the 
heart's  action  is  not  normal ;  thus,  in  a  boy  suffering  from  typhoid 
fever,  on  the  second  day  after  the  pyrexia  had  ceased,  and  when  the 
temperature  was  below  the  normal,  xy  was  found  =  225*25,  where 
X  =  60,  which  differs  from  the  equation 

ye?  X  47  =  190*82, 
which  shows  that  the  length  of  the  fi/rst  part  is  considerably  too  short 
in  the  former.     In  the  same  case,  three  days  later,  the  patient  rapidly 
improving,  with  x  =  56*5, 
xy  =  188, 
which  is  much  nearer  the  calculated  normal  result,  180*5,  than  on 
the  former  occasion,  the  trace  keeping  pace  with  the  other  physical 
changes. 

It  is  probable  that  many  other  imperfections  in  the  circulatory 
system  can  be  similarly  indicated,  and  it  has  been  shown  above  with 
what  &cility  a  diagnosis  may  be  arrived  at. 

c 
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P«gei7.4.  ON  CARDIOGRAPH  TRACINGS  FROM  THE    HUMAN 

CHEST-WALL* 

(PI.  II.) 


On  applying  the  hand  orer  the  left  pectoral  region  the  roovemente  of 
the  heart  can  be  felt  with  facility,  especially  at  the  end  of  expiration. 
In  the  following  paper  an  attempt  la  made  to  classify  and  partly 
explain  these  movements,  as  they  are  reproduced  by  the  spfaygmo- 
graph. 

The  earliest  and  perhaps  the  only  published  observations  on  th^e 
curves  are  by  Dr.  Marey  of  Pari  a,  f  who  gives  one  trace  from  the 
human  subject  and  others  from  the  horse,  which  latter  have  the  ad- 
vantage of  being  associated  with  synchronous  traces  from  the  interior 
of  the  ventricle  and  of  t\m  aurff'le,  Ko  previous  observations  can  be 
found  as  to  the  relative  duration  of  the  different  elements  of  and  the 
other  peculiarities  in  the  human  heart  apex  traces  at  different  rapiditiei 
of  pulse* 

While  the  subject  Js  sitting  or  standing  the  sphygmograph  oao  be 
made  to  give  a  very  perfect  record  of  the  heart's  movements,  aa  they 
are  transmitted  to  the  intercostal  tissues,  by  holding  the  instinmeni 
horizontally  with  the  vratcbwork  to  the  right  hand^  the  plane  of  the 
recording  paper,  and  consequently  of  the  whole  instrument,  being 
parallel  to  the  floor,  and  the  lever-pad  at  or  near  the  point  of  nuud* 
mum  pulsation,  between  the  fifth  and  sixth  ribs.  While  lying,  the 
instrament  must  be  held  upright^  as  when  wrist  traces  are  taken. 

The  movements  of  respiration  cause  so  much  irregularity  in  the^e 
traces,  that  it  is  advisable  to  stop  breatliing  while  they  are  being 
taken  ;  and  this  should  be  done  at  or  near  the  end  of  a  normal  exptim- 
tion  ;  it  ia  then  found  that  little  or  no  effect  is  produced  on  the  heart*s 
action*  during  the  short  time,  about  seven  seconds,  that  the  iustrament 
is  applied. 

It  will  also  be  found  that  quick  pulses  are  more  easily  taken  than 
slow  ones,  because  the  heart  can  only  be  rendered  slow  by  means 
Page  IS.  that  make  the  skin  cold  and  inelastic,  or  by  positions  that  make  the 
application  of  the  apparatus  more  difficalt. 

In  all  cases  the  spring  carrying  the  pad  should  be  screwed  do  wo 
8o  as  to  give  its  greatest  pressure. 

In  the  account  of  the  traces  thus  obtained,  the  rapid  beat-s  will  be 
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•  "  Joimi&l  of  Anatotnjr  and  Phjwology,"  V.  pp,  17-27*    NoTcmber»  1870. 
t  **  Phj&iologic  MMic*le  de  U  Circulation  du  Sang:'*     Pari»,  1S63.     Pp.  61 
121^  ftnd  elsewhc^n^. 
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first  described ;  after  these  the  slow  ones,  hj  which  means  an  idea  can 
be  best  formed  of  the  relation  between  curves  at  first  sight  so  dif- 
ferent as  those  prodaced  when  the  heart's  action  is  over  100  and 
those  when  it  is  below  50  in  a  minnte  (compare  Figs.  I  and  VI). 

There  is  a  great  similarity  in  traces  from  pulses  above  105  to 
those  over  140  in  a  minute ;  and  the  description  of  one  will  include 
them  all.  Figure  I  is  from  a  heart  beating  125,  and  it  represents  all 
the  characteristic  features.  The  movements  of  the  lever  are  very 
extensive  and  sudden,  so  as  to  give  the  impression  that  they  depend 
more  on  its  momentum  than  on  the  heart's  action ;  but  that  such  is 
not  the  case  is  shown  by  applying  the  instrument  a  little  way  from 
the  point  of  greatest  pulsation,  when  (as  in  Fig.  II)  all  the  same 
elements  appear,  though  muck  less  ample  and  otherwise  modified. 

The  main  ascent  commences  abruptly  immediately  after  a  slight 
rise  and  fall  (a.  Figs.  I,  II),  and  is  always  broken  about  midway  (5) 
by  a  small  fall ;  it  is  followed  by  a  most  considerable  and  rapid 
descent,  which  "carries  the  lever  in  an  unbroken  line,  down  to  a  point 
almost  as  low  as  that  from  which  it  started.  Subsequently  to  this 
cx>mes  a  less  sudden  rise  (/),  which  reaches  about  as  high  as  the  break 
in  the  main  ascent^  its  summit  is  not  nearly  so  sharp  as  the  previous 
one,  and  from  it  a  fall,  frequently  a  httle  irregular,  commences  slowly, 
becoming  more  rapid,  though  it  is  interrupted  by  a  slight  rise  (g), 
after  which  it  continues  to  sink  until  it  reaches  the  lowest  point  of  the 
trace,  firom  which  it  makes  a  sudden  slight  ascent  (k),  which  soon 
becomes  more  gradual,  continuing  until  the  rise  (a)  from  which  the 
description  commenced. 

Neglecting  for  the  present  small  differences  in  the  relative  dura- 
tions of  these  components,  the  pulse  of  140  differs  from  that  of  110  a 
minute  in  the  movements  being  more  extensive  and  consequently  the 
angles  more  sharp,  the  intermediate  rates  being  intermediate  in 
character. 

In  the  pulse  of  about  90  a  minute  (Fig.  Ill)  another  small  rise  Page  19. 
and  fall  appears  (e)  in  addition  to  those  previously  described,  which  is 
yery  constant,  and  becomes  more  considerable  when  the  heart's  action 
28  slower. 

Here  also,  as  shown  in  Fig.  IV  in  a  trace  taken  directly  after 
Fig.  in  between  the  sixth  and  seventh  ribs,  there  is  sometimes  seen  a 
reduplication  of  the  first  part  of  the  main  rise  (&,  c,  Fig.  lY),  which  is 
disguised  in  Fig.  Ill  probably  by  the  momentum  of  the  lever.  Another 
point  in  which  it  differs  from  the  quicker  pulses  is  in  the  formation  of 
a  second  undulation  (b)  in  the  main  descent  before  it  reaches  its 
lowest  point.     The  main  ascent  also  is  not  so  extensive. 

When  about  70  beats  are  made  in  a  minute,  the  main  rise  can  fre- 
quently be  shown  to  be  doubly  broken  (5,  c.  Fig.  V) ;  but  these  often 
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get  merged  into  one  corved  line.     The  subsequent  fall   (tf)  is  hero" 
seen  to  Lave  become  much  diminislied,  and  the  next  rise  and  fall  (e) 
of  greater  duration. 

In  the  slow  pulses  {Figs.  VI,  IX)  the  fall  aftar  tbe  small  rise  pre- 
ceding the  main  ascent  (a)  is  inconsiderable,  or  nil,  which  makes  that 
rise  appear  as  part  of  the  main  one>  w^hich  is  not  the  case. 

The  rise  c  has  now  become  more  marked,  while  d  has  diminished 
so  much  that  it  is  no  longer  tbe  highest  point  of  tbe  trace,  that  now 
being  at  the  end  of  the  rise  preceding  tbe  main  descent  (/),  wbicfc 
IB  frequently  found  to  bo  double. 

It  is  to  be  noticed  that  ae  the  pulse  gets  slower,  tbe  generally 
aacendipg  line  between  h  and  a  gets  longer;  also  that  at  all  rates 
there  is  a  ^eat  similarity  in  shape  in  tbe  fall  and  rise  between  the 
points  h  and  1%  which  is  quite  characteristic  of  that  part  of  tbe  curre. 

A  precise  knowledge  of  the  causes  of  these  various  changes  in  the 
direction  of  the  human  apex  trace  will  always  be  somewhat  deficient, 
from  tbe  impossibility  of  vivisectional  verification,  and  from  the  fact 
that  the  relation  of  the  organs  concerned  is  different  in  man  to  what 
it  is  in  aninmlB,  from  which,  otherwise,  arguments  from  homology 
might  have  been  more  extensiyely  employed. 

By  means  of  synchronous  traces  from  the  exterior  and  interior  of 
» 20.  the  heart  of  tbe  horse  Marey  explains  bis  apex  trace,  wbich  in  tlto 
main  resembles  that  from  the  human  subject.  He  shows  that  tbe  rise, 
here  called  a,  results  from  the  contraction  of  the  auricles,  which  makes 
it  clear  that  that  event  occurs  much  nearer  to  the  commencing  ven- 
tricular contraction,  represented  by  the  origin  of  the  main  ascent,  thm 
is  supposed  by  many.  He  also  shows  that  the  semilunar  valves  doee 
at  the  break,  single  in  his  trace,  in  the  main  descent.  The  irre- 
gularities in  the  systolic  interval  he  considers  due  to  vibration  of  the 
blood  caused  by  the  tightening  of  the  an riciilo- ventricular  valves,  but 
bis  resulta  were  recorded  after  having  been  communicated  to  india- 
rubber  tubes  611  ed  with  air,  and  tbe  undulations  probably  originating 
in  them. 

It  is  necessary  in  attempting  to  explain  these  tmces,  especially 
when  comparing  different  rapidities  of  pulse,  always  to  bear  in  mind 
Marey*s  most  important  law,  that  **  tbe  arterial  tension  (blood  poten- 
tial) varies  inversely  as  the  rate  of  the  pulse,*'  This  law,  though  dis- 
puted by  some,  must  closely  approximate  to  the  truth,  because  by  it 
BO  many  facts  with  regard  to  the  circulation  of  the  blood  are  perfectly 
explained,  that  cannot  be  in  the  least  accounted  for  elsewise ;  and  li 
will  shortly  appear  how  much  it  assists  in  interpreting  tbe  cojrres 
under  consideration. 

After  the  auricles  have  contracted  at  «i,  tbe  commenoing  ventri- 
cntar  action  originates  the  main  risCi  which  continnes  unintermpted 


I 


I 


FROM  THE  HUMAN  OHEST-WALL.  21 

until  the  closure  of  the  znitral  and  tricnspid  yalves  at  h.  From  this 
point,  nntil  the  opening  of  the  aortic  and  pnbnonaiy  valves,  the 
heart's  force  is  expended  in  raising  the  potential  of  its  contained  hlood 
to  that  of  the  large  arteries,  and  it  is  a  well-knowD  fact  that  during 
that  time  the  form  of  the  ventricles  becomes  somewhat  globular,  their 
diameter  increasing  and  thns  causing  them  to  recede  in  their  conical 
pericardial  cavity,  producing  the  fall  h  in  the  quick  pulses. 

Immediately  the  semilunar  valves  get  opened,  the  ventricles  dis- 
tend the  proximal  parts  of  the  large  arteries,  and  it  is  evident,  from 
what  has  been  said  above  with  regard  to  the  relation  of  blood  potential 
and  rapidity,  that  the  quicker  the  pulse  the  more  relaxed  is  the  aorta 
at  the  moment  before  the  semilunar  valves  open ;  consequently,  the 
more  rapid  the  pulse  the  greater  is  the  disturbance  of  equilibrium 
when  they  do  so ;  and  as  the  aorta  gets  stretched  and  lengthened  by  Page  21. 
the  sudden  repletion,  so  it  sends  the  heart  forward  at  that  moment, 
causing  the  rise  d,  which  must  therefore  be  greater  as  the  pulse  is 
quicker,  which  is  the  case.  In  very  slow  pulses  the  blood  potential 
being  high,  the  repletion  of  the  already  greatly  distended  arteries  does 
little  in  further  filling  them,  but  acts  by  sending  the  whole  mass  of 
blood  forward ;  consequently  the  rise  d  is  inconsiderable.  The  rise  c, 
if  not  resulting  from  the  shock  of  closure  of  the  auriculo- ventricular 
T'alves,  must  remain  unexplained. 

The  repletion  of  the  proximal  arteries  is  very  rapid;  and  the 
accompanying  rise  is  overcome  in  quick  pulses  by  the  speedy  retresrti 
of  the  apex,  resulting  from  the  emptying  of  the  heart,  causing  the 
fall  dj  at  the  end  of  which  the  ventricles  cease  contracting. 

In  slow  pulses  the  heart's  syst<^6  is  prolonged,  causing  slight  irre- 
gpilarities  in  the  upward  tending  trace,  which  are  fairly  constant  (0, 
which  is  frequently  double). 

There  is  evidently  an  appreciable  interval  between  the  end  of  the 
Yentricular  systole  and  the  closure  of  the  semilunar  valves,  during 
which  the  retrograde  blood-current  is  arriving  at  suflBcient  velocity  to 
enable  them  to  act ;  but  if  Marey's  law  of  the  relation  of  blood  poten- 
tial and  rapidity  of  heart's  action  is  correct,  we  are  justified  in  going 
much  further,  and  saying  that  the  quicker  the  pulse,  the  more  slowly  do 
the  cLortic  valves  close;  for  the  greater  the  blood  potential,  the  sooner 
does  the  heartward  current  become  sufficiently  rapid  to  close  the 
yalves,  whose  hydrodynamical  relations  are  not  otherwise  modified  by 
tiierate. 

From  these  considerations,  combined'with  the  fact,  in  quick  pulses, 
that  just  before  the  rise /originates  the  trace  loses  its  jerky  character, 
it  is  most  probable  that  the  ventricles  cease  contracting  just  before  the 
commencing  rise  /  (at  the  end  of  the  fall  d  in  Figs.  I,  II),  and  that 
the  whole  of  the  time  occupied  by  the  rise  and  fall  /  is  employed  in 
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genermtiiig  the  retrognde  cvurrent  to  ckxe  the  Tilre^  the  change  in 
direction  of  the  cnrve  bong  prodnced,  first  hj-  the  lelnxation  of  the 
heart  causing  it  to  adrance,  and  then  bj  the  putial  eoUapee  of  the 
aorta  causing  it  again  to  retire.  This  rise  and  fall  is  also  dearly  shown 
in  Fig.  n,/. 
^HP  22.  It  can  be  seen  in  Tig.  W  that  in  the  pulse  of  90  the  nndnlatkni  / 
is  not  so  long  as  in  the  quicker  ones,  and  in  the  siofr  caires  it  is 
shorter  still,  bat  the  want  of  sharpness  and  the  blending  of  the  neigfa^ 
bearing  rises  prevent  any  accoracj  being  attainable  in  tiie  latter 


The  immediate  effect  of  the  closare  of  the  semilunar  TalTOS,  at  the 
end  of  the  fall  /,  is  to  cause  a  check  to  the  descent  of  the  lever  (^), 
as  the  aorta  is  no  longer  emptying  itself  heartwards ;  but  this  is  very 
soon  counteracted  by  the  consequent  repletion  of  the  coronazy  art^ 
ries,*  which,  as  can  be  ea>dly  shown  on  the  post-mortem  heart,  in- 
creases the  diameter  of  the  ventricles  and  makes  them  recede,  drawing 
the  apex  back,  farther  than  during  any  other  part  of  the  revolutiDn. 
During  the  rest  of  diastol^  other  minor  forces  come  into  plmy  which 
are  not  easy  to  trace. 

Figures  YIl,  VIIT,  IX  are  given  to  show  that  under  different  con- 
ditions the  various  rises  and  falls  may  be  made  to  assume  different 
degrees  of  importance.  In  Fig.  VIII,  where  the  greater  part  of  the 
weight  of  the  heart  rests  against  the  chest- wall,  it  is  particularly  to  be 
noticed  that  the  &I1  after  g,  before  which  the  semilunar  valves  dose, 
conmiences  from  the  very  top  of  the  trace,  showing  that  the  main  force 
by  which  the  heart  is  made  to  recede,  which  from  the  great  length  of 
the  down  stroke  must  be  considerable,  does  not  commence  until  after 
the  closure  of  the  aortic  valve,  which  supports  the  theory  of  the  cause 
of  the  active  ventricular  diastole  noticed  above. 

A  superficial  examination  of  cardiograph  tracings  is  sufficient  to 
convince  the  observer  that  when  the  heart  beats  slowly  the  first  part 
of  the  revolution,  namely,  from  the  commencing  systole  until  the 
closure  of  the  semilunar  valves,  bears  a  smaller  ratio  to  the  whole  than 
in  quick  pulses.  This  led  the  author  to  make  a  series  of  measurementa 
of  these  ratios,  on  the  assumption  that  the  ventricles  commence  to 
contract  at  the  origin  of  the  main  rise,  and  that  the  semilunar  vmlves 
close  at  the  end  of  the  fall  /. 
Page  23.  To  ensure  accuracy,  the  trace  was  placed  on  a  flat  piece  of  wood, 
to  which  was  attached  a  ledge,  along  which  it  could  be  made  to  slide. 

*  That  the  active  diantolo  of  the  Tentricles  results  from  the  congest  ion  of  the 
coronary  tcmcIb  was  discovered  bj  Briicke ;  and  I  regret  that  m?  ignorance  of  his 
observations,  published  in  the  *'  i>itzungsbcriehte  der  >Viener  Akad.  der  Wisa.,"  Nor., 
1854,  XIV.  p.  345,  prevented  mj  referring  to  them,  in  a  paper  on  the  samo  ■ubject» 
in  this  Journal  for  Maj,  1869.     (Svprd,  p.  3.) 
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A  lever  witk  a  steel  point  was  also  in  connection  with  the  inetrnment, 
in  snch  a  way  that  when  the  tracing  rested  on  the  ledge  the  steel 
jwint  produced  sera  toshes  on  the  paper  similar  to  those  produced  by  the 
•phygmograph  pen, 

Bj  this  means,  the  parts  of  the  curve  nnder  consideration  can  be 
1  projected  on  to  one  straight  line,  and  their  relative  leugths 
inred  with  facilitj.  Fig,  X  is  a  trace  so  prepared  for  measuring, 
and  this  arrangement  is  necessary  on  account  of  the  sphjgmograph 
lever  moving  in  part  of  a  circle  instead  of  quite  vertically.  Further, 
to  diminish  inaccui-acies  in  the  watchwork  movement,  aD  the  pnlsa- 
ions  on  a  trace  were  xneafinredy  and  their  average  taken  as  the 
^^snlt. 

It  was  soon  found  that|  with  a  given  rapidity  of  pulse,  the  ratio 
of  the  first  part  of  the  heart's  revolution  to  the  whole  did  not  vary 
appreciably  when  traces  were  taken  in  any  given  position,  but  that 
when  standing  or  sitting  the  first  part  was  longer  than  when  lying, 

P'nrther,  on  comparing  traces  of  different  rapidities,  it  was  found 
that  the  length  of  the  fird  part  varied  very  deSnitely,  inversely  aa  the 
Tate;  not  so  quickly,  but  as  its  square  root:  and  the  number  of 
measurements  that  have  been  made  seems  to  jestify  the  law,  that  in 
heidtliy  tJhA  length  of  the  first  part  of  the  hearths  beat  varies^  for  a  given 
poaitum  of  the  subject,  iiiversehj  as  the  square  root  of  the  rapidity. 

This  result  differs  from  that  of  Bonders,*  who  found  that  the 
length  of  the  first  part  did  not  vary  with  diflferent  rates  of  heart's 
action ;  hat  his  means  were  much  less  efficient,  he  having  to  depend 
on  the  registration  by  the  hand  of  the  hrst  and  second  cardiac  sounds. 

All  the  facts  on  which  the  above  law  is  supported  are  given  in  the 
accompanying  table,  in  which  they  are  thrown  into  the  co-ordinate 
form,  one  co-ordiDate,  x^  representing  the  rate  «>f  pulse,  and  the  other, 
y,  aacpressing  the  number  of  times  the  first  part  of  the  revolution  is 
contained  in  the  whole.  The  observations  made  while  lying  are  repre-  p^gg  24^ 
sen  ted  by  a  cross  (  x  ),  when  semi-recumbent  these  are  encircled  (®). 
he  encircled  dots  (0)  indicate  that  the  position  was  sitting,  and  the 
nding  ones  are  erect  encircled  crosses  (®). 

The  simple  dots  are  either  from  sitting  or  standing  observations, 
but  it  is  not  ceiiain  which,  as  note  was  not  taken  at  the  time. 

For  example,  the  measurement  of  two  heart  traces,  one  at  41  a 
minute  while  lying,  Mid  another  at  141  when  semi- recumbent,  gave  in 
the  former  case  the  ratio  of  the  first  part  to  the  whole  revolution 
1  :  3*4125,  in  the  latter,  1  :  1"832 ;  the  length  of  tbe^r^^  part  is  found 
by  multiplying  the  rate  into  the  number  of  times  the  first  part  is 


•  "On  the  Rhythm  of  the  Sounda  of  the  Heart."    By  F.  0.  Dondem.     1865. 
TrantIat4Hl  into  tho  ''Dublin  Quarterly  Journal  of  Mfdiool  Scienee/*  Feb.,  1868. 
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contained  in  the  whole,  or  the  x  hj  the  y,  wLen  —    is  the  required 

reenli. 

Thus  41  X  3-4125  =  139-9125,  say  140; 

141  X  1-832    =  258-312 ; 
and  ^41  =  6"4,  about;  ^/141  =  1188,  about; 

and  6-4  :  1188  : :  140  :  259*9,  about; 

which  18  Teiy  near  the  required  numbers. 

If  «3f  varies  as  the  square  root  of  x  this  can  be  stated  thus 
•y  =  k^/9 ;  k  being  a  constant  for  any  given  position.  Taking  one  of 
the  above  oases,  x  equalling  41,  ary  =  140 ;  consequently  A;  =  22  nearly, 
which  indndes,  within  the  limits  of  experimental  error,  all  the  measure- 
ments that  have  been  made  of  traces  taken  while  lying.  When  sitting 
or  standing  the  results  are  not  quite  so  uniform,  as  may  be  seen  in  the 
iaUe,  on  which  the  equation  curves  have  been  drawn  with  k  =  22, 
and  also  s  20 :  the  latter,  the  lower  one,  passes  through  or  approaches 
most  of  the  sitting  and  standing  observations. 

To  find  the  duration  of  the  ventricular  systole  is  very  important, 
but  not  at  all  easy  in  many  cases.  In  all  rapid  pulses,  measuring  from 
the  commencement  of  the  main  ascent  to  the  point  from  which  the 
rise/  originates,  and  which  can  scarcely  be  anything  but  the  termina- 
tion of  the  systol6,  it  has  been  found  that  that  interval  is  contained 
8*4  times  in  each  revolution.  In  Fig.  IV  the  trace  of  87*5  a  minute 
(rare  from  being  very  detailed),  it  is  found  that  between  the  same 
points  the  ratio  to  the  whole  is  1  :  3*3965,  which  is  very  near  the  former  Page  25. 
xesoli.  In  slower  pulses  it  is  not  easy  to  find  an  origin  for  the  rise/, 
bat  i^  as  must  be  the  case  when  the  pulse  is  at  4/0  (its  limit  of  slow- 
ness), the  arterial  tension  is  at  its  maximum,  the  rate  of  closure  of  the 
aortic  valve  must  be  at  its  maximum  also,  and  the  whole  first  part 
almost  entirely  occupied  by  the  true  systole.  When  such  is  the  case 
ihe  equation  my  ^=  h  y/x  with  A;  =  22  is  satisfied  by  y  being  equal  to 
8'46  (abont),  which  is  curiously  near  the  relation  found  in  quick  pulses, 
and  tends  strongly  to  show,  though  these  are  all  the  grounds  for  it, 
that  the  length  of  the  systole  of  the  heart  is  always  a  definite  part 
(^th)  of  the  whole  pulsation,  whatever  its  rate. 

The  traces  from  which  the  preceding  observations  have  been  made 
were  sll  taken  on  myself,  and  the  repetition  of  them  by  others  at 
di&rent  rates  of  pulse  would  be  a  means  of  verifying  or  a  cause  for 
rejecting  the  results  arrived  at.  The  chief  sources  of  error  in  finding 
the  ratios  gpiven  above  lie  in  the  watchwork,  which,  if  not  going  at  an 
exactly  similar  rate  each  time  it  runs,  gives  the  rapidity  of  the  heart 
incorrectly.  Also,  on  starting,  its  speed  augments  for  a  short  time 
and  then  decreases,  both  which  cause  variations  from  the  true  results. 
By  taking  a  trace  after  having  remained  some  time  in  the  hot  room 
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of  a  Tnrkish  bath  very  rapid  pulses  can  be  recorded  np  to  and  abore 
150  a  minnte  in  health,  withont  the  least  inconyenienoe.  Very  slow 
pnlses  can  be  prodnced  by  lying  nade  some  time  in  a  cold  air,  or  by 
drinking  iced  water,  especially  when  nade. 


Page  27.  DESOBIPTION  OF  THE  FIGUBES. 

Thej  were  all  taken  one-half  the  size  here  represented.    Except  Fig.  IX,  they 
read  firom  left  to  right. 

Fig.  I.    Apex  trace  of  a  heart  heating  125  times  a  minute. 

Fig.  ir.  Trace  of  a  heart  heating  125  a  minute,  half  an  inch  internal  to  the 
apex  beat. 

Fig.  III.    Apex  trace  of  a  heart  heating  88 a  minute. 

Fig.  ly.  Trace  between  6th  and  7th  ribs,  below  the  apex,  of  a  heart  beatiDg 
88  a  minute. 

Fig.  y.    Apex  trace  of  a  heart  beating  76  a  minnte. 

Fig.  yi.    Apex  trace  of  a  heart  beating  50  a  minute. 

Fig.  yn.  Apex  trace  of  a  pulse  of  90  a  minute,  taken  with  a  lerer  two  inchea 
long,  attached  to  the  sphygmograph  pad  by  a  thread. 

Fig.  yill.  Apex  trace  of  a  pulse  at  60  a  minute,  taken  when  the  body  waa 
inclined  forward. 

Fig.  IX.    Apex  trace  of  a  pulse  at  42  a  minute.    It  reads  from  right  to  left. 

Fig.  X    Apex  trace  of  a  pulse  at  103  a  miDute,  prepared  for  measuring. 
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5.  ON   THE    CONSTRUCTION  AND  USE  OF  A  SIMPLE  Page  265. 
CARDIO-SPHYGMOGBAPIL* 

It  is  evident  that  a  precise  knowledge  of  the  intervals  between  the 
main  elemente  of  the  cardiograph  and  the  sphjgmograph  trace  mnat 
be  of  valne  in  studying  the  hydm dynamics  of  the  circnlation  of  the 
blood ;  and  a  description  will  be  here  giyen  of  an  instrument  by  which 
several  results  of  interest  have  been  obtained  on  this  sabject. 

This  cardiO'Spbygmograph  consists  of  a  piece  of  hoard,  10  inches 
long  by  5 J  inches  broad,  and  is  aboat  half  an  inch  thick,  along  one 
side  of  which  one  of  Marey's  sphygiiiogTHphs  can  be  firod,  as  shown 
in  the  accompanying  figure.  On  the  opposite  to  this  ia  a  spring  (a), 
similar  to  that  employed  in  the  sphygmograph,  which  is  attached  to  » 


movable  support  (6),  so  that  its  strength  may  bu  moditied*     A  small 

ivory  pad  (c)  is  fixed  to  the  lower  surface  of  the  free  end  of  the  spring, 

ft&d  this  is  in  com  mnni  cation  with  the  lecording  lever  of  the  cardiograph 

apparatus  by  means  of  a  silk  thread   (d).     In  this   iustmmeut  the 

cardiograph  lever  (f)  is  very  light,  a  little  over  two  inches  long,  and 

connected  to  the  board  by  means  of  a  fmme  (/),  which  is  just  free  of 

the  movable  part  of  the  sphygmograph,  when  that  is  in  position.     The 

lever,  which  is  one  of  the  third  system,  is  connected  on  cither  side, 

close  to  its  fixed  end,  to  two  silk  threads,  one  of  which  (d)  is  attached 

to  the  cardiograph  spring,  and  the  other  to  a  small  spring  (r/),  which  Page  266. 

moves  it  when  it  is  less  acted  on  by  the  stronger  one*     The  apparatus 

is  so  arranged  that  the  lever  works  perfectly  when  it  is  so  placed  as  to 

be  above  the  recording  paper  of  the  sphygmograph,  wbcn  the  latter  is 

in  position.     The  tip  of  the  lever  carries  a  steel  pen  (k). 


•  •*  JoamAl  of  AnEtomy  uid  Phyaiology/'  V*  pp.  265-70.     Miy^  1871. 


It  ii  oridont  from  tli©  ohore  dcsscription  that  the  two  lerera  wtU# 
h\  i)|){toiito  diivctioiiM^  ant!  consequently  this  figure  mast  be  turned  iba 
i»<  Utiv  way  up  tUat  iko  card jogwph  trace  may  be  properly  seen*  waA 
thnn  it  inujit  ba  roftd  IVom  right  to  loft,  not  from  loft  to  right,  ai  iba 
»|ihygitiogmph  inioOi 
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The  oommenoemeBt  of  the  two  traces  is  indicated  by  the  onrved 
lines  to  the  left  of  each  trace  as  they  are  looked  at  without  moving  tho 
page^  and  these  cnrved  liooa  are  prod  need  by  kitting  the  levers  move 
without  the  watchwork,  whilst  the  instrament  is  beiDg*  fixed  in  posi- 
tion. Synchronous  points  in  the  two  traces  must  evidently  be  at 
equal  distances  from  the  starting  points  in  the  traces,  and  therefore 
the  one  can  be  projected  on  the  other  by  compasses  or  by  super- 
position. 

In  all  cnses  it  is  necessary^  both  in  the  cardiograph  and  in  the 
sphjgmograph  trace,  to  project  all  the  main  points,  such  as  the  origin 
of  the  main  rise,  and  the  deepest  point  in  the  secondary  fall,  on  to  one 
line  in  the  trace ;  for,  as  the  levers  more  in  part  of  a  circle,  any  point 
at  the  summit  of  the  trace,  if  projected  straight  downwards,  would 
not  be  correctly  related  to  the  lower  parts  of  the  trace.  This  correc- 
tion is  best  made  by  a  most  simple  arrangement ;  a  flat  piece  of  board 
has  a  straight  slip  of  wood  fixed  close  tii  one  edge ;  against  this  the 
tracing  rests^  being  supported  on  the  board.  Two  nails  arc  fixed  on 
the  board,  ao  that  they  bear  the  same  relations  to  its  supported  ti-ace 
as  that  did  to  the  axes  of  the  levers  which  marked  on  it  in  the  cardio- 
gphygmograph.  The  marking  apparatus  consists  of  two  pieces  of 
string,  each  fixed  at  one  end  to  the  nails,  and  at  tho  other  carrying 
needles ;  these  pieces  of  string  mast  be  of  the  same  length  as  the 
vers  to  which  they  coiTespoud,  tbe  points  of  the  needles  must  piereo 
era,  and  the  other  ends  of  the  needles  must  be  attached  to  the  nails 
by  a  thread  to  prevent  them  from  moving  irregularly. 

The  cardio-Fphygmograph   can  be  best  applied  when   the  person  Page  268. 
using  it  is  sitting,  as  it  can  then  be  made  to  rest  on  the  arm  of  a  chair, 
and  in  practice  it  is  better  not  to  have  the  main  part  of  the  instru- 
ment press  against  the  chest-wall,  as  if  it  does  the  hearths  movement 
imparts  itself  to  the  whole  apparatus,  and  so  complicates  the  trace. 

In  considering  the  results  arrived  at  by  the  use  of  this  instrument, 
,  it  will  be  necessary  to  define  a  few  of   the   terms  that  have   to  be 
employed  in  explaining  them. 

(1.)  The  first  cardiac  interval  is  that  which  occurs  between  the 
ommencing  systole  and  the  closure  of  the  aortic  valve  at  the  heart, 

(2,)  The  first  arterial  interval  is  that  which  occurs  between  the 
ddications  of  the  commencing  systole  and  the  closure  of  the  aortic 
in  an  artery.     The  radial  artery  at  the  wrist  is  the  ^^nly  one  that 
I  here  considered. 

As  the  commencement  of  the  arterial  ris©  is  somewhat  later  than 
be  commencing  systoM  at  the  heart,  and  aa  the  difference  between 
be  first  cardiac  interval  and  the  first  arterial  interval  is  not  great, 
I^iese  two  events  coincide  in  part  of  their  dnration,  and  give  rise  to 
l^nor  divisions,  which  may  be  thus  named  and  defiDed. 


ao  orasBccnos  ASED  rax  OP  A 


(3L)  Tfcc  fan  ear^kh  vtenal  iiiterfml  m  Jbai  whkjt  oochtb  between 
the  asKswBCEK  sriGoIe  si  the  lieert  mad  its  indicstion  in  an  erteiy 
(the  ndal't. 

(•L)  The  cvBjoesae  csrdio-sftRial  inieml  is  ihst  which  ooonn 
between  the  ccwrynciag  sjito&e  rae  in  sn  srteiy  snd  the  dosnre  ci 
the  some  Tslre  as  ^he  heart. 

(5.^^  The  seccnd  csTdioaneRsl  xnterral  is  that  which  oooon 
between  the  dossTe  of  the  aortic  Talre  at  the  heart  and  its  indication 
in  an  azterr.* 

On  ccnnparing  the  lengths  erf  the  first  cardio^rierial  interral  with 
diffmnt  rases  d  poise,  it  is  foond  that  as  the  poise  is  slower,  so  this 
interral  is  longer,  and  that  its  length  does  not  increase  as  rapidly  Si 
Bife  269.  the  poise  beat,  bot  as  its  square  root.  Conseqnentlj  if  the  nnmber  of 
times  that  the  drst  cardio-arterial  incerfal  is  contained  in  its  component 
polsation  is  represented  bj  x  and  the  rapiditj  of  the  pnlse  hj  «,  then 
ha  =  h.s'jp^  and  measnremmts  show  that  the  constant  qnantitj  h 
eqnals  S9  (or  perhaps  ^i5>  for  the  sitting  postnre.  A  knowledge  of 
this  equation,  therefcvre,  STiTes  a  means  of  calculating  the  length  of  the 
first  cardio-artenal  interral  when  the  rapiditr  of  the  pulse  is  known; 
and  as  the  first  cardiac  interral  also  xaries  as  the  square  root  of  the 
pulse  beat,'^  it  is  erident  that  from  its  definition  the  first  cardio-arte- 
rial interval  must  be  a  constant  part  of  the  first  cardiac  interrali 
whatever  the  rate,  and  this  has  been  fonnd  to  be  the  case  bj  inde- 
pendent measurement  Another  necessary  result  from  these  eqnationi 
is,  that  the  conjugate  cardio-arterial  interval  yaries  inverseiy  as  the 
square  root  of  the  heart's  rapidity. 

The  length  of  the  second  cardio-arterial  interval  can  also  be  found 
by  subtracting  the  length  of  the  conjugate  cardio-arterial  interval 
from  that  of  the  first  arterial  interval,  which  varies  inversely  as  the 
cube  root  of  the  pulse  rate.^  and  by  this  means  it  has  been  found  to 
vary  very  little  with  difierent  rapidities  of  pulse,  being  a  little  longer 
in  the  slower  pulses. 

In  the  sphymograph  traces  of  slow  pulses  the  major  descent  of  the 
first  arterial  interval  is  broken  by  a  notch,  and  it  is  found  that  the 

•  In  the  Abore  definitioiu  it  ha«  been  anumed  that  the  sphrgmograph  tnoe  gives 
indications  of  the  closure  of  the  aortic  ralxes ;  and  in  the  measurementa  to  be  rcfeiied 
to  below,  the  secondary  rise,  which  puts  so  abrupt  a  termination  to  the  major  fiJl  ia 
each  pulsation,  is  considered  to  be  caused  hx  the  closure  of  these  ralrea,  as  gwnerally 
assumed  ;  though  Dr.  Sanderson  has  arrired  at  a  different  conclosioQ  (**  Medical 
Times  and  Oaxelte/'  March  25, 1871),  from  eridence  which  seems  to  be  anjthingbut 
convincing. 

t  "  Journal  of  Anatomy  and  Physiologr,"  Not.,  1870.  **  On  Caxdiogr^h 
Traces  from  the  human  chest-wall.'*     {Smprct^  p.  18.) 

X  **  Proceedings  of  the  Roval  Socictr/*  No.  120,  1870.  "  On  the  relatire  durmtioa 
of  the  component  parts  of  the  radial  sphjgmograph  trace  in  health.'*    {Smpri,  p.  14.) 
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deepest  point  of  this  notcli  is  always  exactly  ayncliroiioTis  witb  the 
point  of  closnre  of  the  aortic  yalve.  This  leads  to  the  almost  neces- 
sary conclnsion,  that  the  subsequent  slight  rise  or  change  in  direction 
of  the  trace  is  the  result  of  the  simultaneous  movement  of  the  whole 
column  of  blood  produced  by  the  shock  of  the  closure  of  the  aortic 
valve ;  the  secondary  rise  at  tbe  commencement  of  the  second  arterial 
interval  being  the  more  slowly  transmitted  pressure  wave,  which 
started  at  the  same  tima  This  explauation  being  correct,  it  is 
evident  that  the  results  obtained,  by  measiiriug  the  number  of  times 
that  the  interval  between  the  origin  of  the  main  arterial  rise  and  the 
bottom  of  the  notch  in  the  major  fall  is  contained  in  the  first  arterial 
interval,  ought  to  give  the  same  results  as  those  obtained  by  dividing  Page  270. 
the  calculated  length  of  the  conjugate  cardio* arterial  interval  into  tho 
first  arterial  interval.  Such  has  been  found  to  be  the  case  very  closely, 
but  a  sphygmogi"aph  trace  must  be  a  very  good  one  to  show  the  notch 
in  the  first  arterial  interval  sharply  defined,  and  the  subsequent  rise 
commencing  abruptly. 

In  aU  the  cases  above  disctifised  it  has  been  assumed  that  the 
Bnbject  from  whom  the  traces  were  taken  was  sitting  at  the  time,  and 
as  the  length  of  the  first  cardiac  interval  changes  for  the  same  rate  of 
palae  with  change  of  position,  it  is  evident  that  the  equation  given 
above  (namely,  xx  —  39  \/x)  must  be  changed  also ;  and  the  change 
probably  consists  in  increasing  the  value  of  the  constant  for  the  standi 
ing  posture,  bs  then  the  first  cardiac  interval  is  shorter,  but  still  varies 
inversely  as  the  square  root  of  the  heart *s  rate, 

The  explanation  given  above  of  the  caase  of  the  notch  in  the  first 
arterial  interval,  might  lead  to  the  expectation  that  the  commencing 
cardiac  systole  Indicates  itself  at  the  wrist  in  the  same  way ;  but  there 
is  no  such  marked  change  of  direction  in  sphygmograph  traces,  though 
a  aligbt  rise  is  generally  seen  Just  before  the  main  ascent  originates, 
especially  in  pulse  of  about  70  in  a  minute ;  and  it  ia  not  improbable 
that  the  second  rise  in  the  extremely  dicrotic  pulse  of  adynamic  pyrexia 
is  canaed  by  a  combination  of  the  slow  pressure  wave  resulting  from 
the  closure  of  the  aortic  valve,  and  the  sudden  onward  motion  given 
to  the  whole  mass  of  blood  in  the  vessels  at  the  moment  of  opening  of 
the  aortic  valve  at  the  commencement  of  the  next  systole. 

The  facta  on  which  the  above  eqmitiona  have  been  based  are  pub- 
lished in  the  *' Proceedings  of  the  Royal  Society,"  XIX.  No.  120,  p.  318.* 

Mr.  Hawksley,  of  Blenheim  Street,  is  constructing  a  cardio- 
spbygmograph  from  the  model  described  above,  with  a  few  minor 
improvements,  which  can  easily  be  applied  in  the  study  of  pathological 
conditions. 


•  Infra,  p.  32. 
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Piig6  3i8.  P.  ON  THE   irUTUAL  RELATIONS  OF  THE  APEX  CAR- 
DIOGRAPH AND  RADIAL  SPHYGMOGRAFH  TRACE/ 

A  DESIRE  to  acquire  an  accurate  knowledge  of  the  relation  born  by 
tbe  commenciDg  contraction  of  the  heart  to  the  origin  of  the  primarj 
rise  in  the  pnlse  at  the  wrist*  led  the  author  to  construct  an  instniineni 
which  has  enabled  him  to  determine,  with  considerable  accaracy,  the 
mutual  relation  of  these  two  points,  and  to  demonstrate  one  or  two 
unexpected  results,  not  altogether  w^ithout  interest. 

[Here  follows  an  account  of  the  cardlo-sphygmograph  described  in 
the  prtK?eding  paper, — Ed.] 
Page  320-        All  the  observations  were  made  on  the  same  subject,  aged  24,  in 
good  health.     They  were  all  made  in  the  sitting  posture,  as  tbe  &pp»- 
ratua  could  then  be  held  more  firmly,  or  rested  on  the  arm  of  a  chair. 

To  facilitate  description,  the  following  terms  and  symbols  will  bo 
employed  with  regard  to  pulse-traces. 

1.  The  rapidity  of  the  pnlse  is  symbolically  represented  by  x^ 

2.  The  first  cardiac  interval  is  that  wbich  occurs  between  the  com- 
mencement of  the  systolic  rise  and  the  point  of  closure  of  tbe  aortic 
valve,  in  cardiograph  traces.  The  number  of  times  that  this  int^errml 
is  contained  in  its  component  beat  is  represented  by  y  ;  and  the  law  as 
to  its  length,  published  &l£ewhere,t  will  be  assumed.  It  may  be  sta^d 
thus  t —  _ 

sfif  =  20v/j?. 

3.  The  first  arterial  interval  is  that  which  occurs  between  tbe  com* 
mencement  of  the  primary  rise  and  the  termination  of  the  major  fall 
in  arterial  spbygroo graph  traces.  The  number  of  times  that  this 
interval  is  contained  in  its  component  beat  is  represented  by  y' ;  and 
the  law  aa  to  its  length  at  the  radial  artery,  wbich  is  alone  considered 
in  this  communication,  published  in  tbe  "  Proceedings  of  tbe  Royal 
Society  **  (No.  120,  1870J,I  will  be  assumed  j  it  may  be  thus  stated  r — 

^ij'  =  47  y^. 

4.  The  first  cardio -arterial  interval  is  that  which  occurs  between 
the  commencement  of  the  aystolic  rise  in  the  cardiograph  trace  and 
the  origio  of  the  main  rise  in  the  sphygraograph  trace.  The  nnmbor 
of  times  that  this  interval  is  contained  in  its  component  beat  is  repre> 
sented  by  i* 

5*  The  conjugate  cardio- arterial  interval  is  that  portion  of  tbe  lirst 


I 
I 


•  '^PMceedingi  of  ihc  Eojal  Society,"  XIX,  pp.  311^24.     Read  Feb  23.  1871. 

t  "  J<naniil  of  Auatumy  aod  Phjaiology/*   Cambridge,  V.  Hot.  1870.      (*?»| 

p,  1ft.)  t  Supra,  p.  14. 
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cardiac  mteryal  wliicli  is  synchronous  with  a  portion  of  the  first  arte- 
rial interval.  It  is  therefore  the  interval  between  the  commencing 
sphjgmograph  rise  and  the  point  of  closure  of  the  aortic  valve  as  repre- 
sented in  the  cardiograph  trace. 

6.  The  second  cardio- arterial  interval  is  that  which  occurs  between 
the  point  of  closure  of  the  aortic  valve  and  its  indication  at  the  artery 
under  consideration. 

In  commencing  to  work  with  the  cardio-sphygmograph,  measure- 
ments were  made  to  find  the  duration  of  the  first  cardio-arterial  interval, 
as  it  required  but  a  few  experiments  to  prove  that  the  heart  commences 
to  contract  before  the  pulse  is  indicated  at  the  wrist. 

By  means  of  compasses,  or  by  superposing  one  trace  on  the  other, 
the  commencing  cardiograph  rise  was  projected  on  the  sphygmograph 
trace ;  and  the  interval  between  this  event  and  the  origin  of  the  radial 
rise  was  then  measured  into  its  component  beat  in  each  pulsation  of  Page  321. 
the  trace,  from  which  the  average  of  the  observation  was  obtained. 
The  results  are  given  in  Table  I,  Column  II ;  and  in  Column  III  some 
of  these  are  expressed  in  parts  of  a  minute,  whereby  a  better  idea  can 
be  obtained  as  to  their  significance. 


Table  I. 

I. 

n. 

m. 

IV. 

JL^ 

1 

X. 

z. 

xz 

39  ^/* 

58 

6-2 

•003316 

•0033649 

64 

5  083 

70 

4-74 

71 

4-52 

74 

4-50625 

•00299 

•00298 

79 

4-3127 

80 

4-4437 

81-5 

4  1125 

«5 

4-355 

86 

4  2 

•002768 

•002802 

97 

4  17 

102 

3-885 

•002524 

•002538 

132 

3-41 

•002222 

•002229 

154 

3- 

170 

2-95 

-00197 

•00J957 

Prom  these  results  it  is  seen  that  the  first  cardio-arterial  interval  is 
longer  in  slow  than  in  quick  pulses,  and  that  it  does  not  increase  as 
qnickly  as  the  pulse  diminishes  in  rapidity ;  but  that  the  statement 
that  it  varies  inversely  as  the  square  root  of  the  rapidity  is  correct,  or 
very  nearly  so,  is  rendered  evident  by  comparing  Colunms  III  and  IV, 
in  the  latter  of  which  the  duration  of  the  first  cardio-arterial  interval 
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IB  calcnlated  from  the  fornmla  m  =  39  v^sb.  Theohief  source  of  error 
in  these  observations  is  the  slight  uncertainty  in  the  rate  of  movemeiit 
of  the  watchwork  of  the  instmment,  on  which  the  oalcnlation  of  the 
rapidiiy  of  the  pnlse  depended. 

On  comparing  this  equation,  namely  xm  =  39v^0y  with  the  one 
above  referred  to  as  to  the  relations  of  the  first  cardiac  interval,  namelj, 
fl*y  =  20  y/x^  it  is  evident  that  the  length  of  the  first  cardio-arteriil 
interval  is  '5128,  or  jost  over  half  that  of  the  first  cardiac  interval, 
whatever  the  rate  of  the  pnlse. 

This  being  the  case,  a  more  precise  method  is  acquired  of  verifying 
the  resnlts  arrived  at ;  for  by  finding  the  number  of  times  that  the  firrt 
cardio-arterial  interval  is  contained  in  the  first  cardiac  interval,  a 
constant  quantity  ought  to  be  the  result,  which  is  independent  of  the 
Page  322.  rapidity  of  the  pulse.  Table  II  contains  these  measurements ;  and  it 
maybe  seen  that,  though  there  is  a  small  range  of  variation,  the  num- 
bers are  all  very  near  to  the  theoretical  requirement,  which  is  1*95; 
and  their  average  is  1*983. 

Table  IL 


Number  of  timet 

Number  of  times 

Bapiditj 

thftt  the  fint 
cardio-arteriml 

Rapidity 

that  the  first 
cardio-arterial 

of 

interT«l 

of 

interral 

pulse. 

is  contained 

pulse. 

is  contained 

in  the  fint  car- 

in the  first  car- 

diac interral. 

diac  intenraL 

68 

1-95 

81-6 

1-96 

64 

2- 

83 

2-1 

69 

1*9 

84 

2-1 

70 

1-9125 

86 

1-995 

71 

1-976 

86-6 

1*95 

72 

2-068 

86 

2- 

74 

1-976 

88-6 

2  05 

76 

1-98 

91 

2  16 

78 

1-9 

92 

1-86 

79 

1-926 

94 

1-96 

79-6 

1-9 

97 

2  15 

80 

1-95 

154 

1-975 

It  is  generally  known  that  in  the  sphygmograph  traces  of  most  slow 
pulses  there  is  a  notch  in  the  first  arterial  interval,  immediately  pre- 
ceding the  major  fall ;  and  one  of  the  most  marked  results  of  the  use 
of  the  eardio-sphygmograph  is  the  determination  of  the  fact  that  the 
I)oint  of  closure  of  the  aortic  valve  at  the  heart  is  always  exactly 
synchronous  with  the  lowest  part  of  this  notch,  or  the  point  of  abrupt 
change  of  direction  in  the  major  fall  of  the  sphygmograph  trace. 
This  leads  to  the  almost  necessary  conclnsion  that  the  subsequent 
slight  rise  or  change  in  direction  of  the  trace  is  the  result  of  the  simuU 
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taneons  movement  of  the  whole  oolnmn  of  blood  produced  by  the 
snddenness  of  the  shock  of  closure  of  the  aortic  valve,  the  secondary 
rise  in  the  same  trace  being  the  more  slowly  transmitted  pressure  wave 
resulting  from  the  same  cause. 

The  slower  the  pulse  the  more  distinct  is  this  notch  ;  and  by  com- 
paring different  rapidities,  a  gradual  diminution  in  its  conspicuousness 
is  apparent,  it  rising  higher  and  higher  above  the  point  of  termination 
of  the  major  fall  as  the  pulse  is  quicker  and  quicker.  When  the 
Heart's  rate  is  about  75  in  a  minute,  the  notch  is  halfway  down  the 
major  descent,  and  is. partially  blended  with  it;  when  over  100  a 
minute,  as  the  aortic  valve  closes  when  the  ascent  is  at  its  maximum, 
the  notch  is  so  blended  with  the  pressure  wave  as  not  to  indicate  itself 
separately. 

In  slow  pulses,  the  systolic  main,  rise  being  quite  over  when  the 
aortic  valve  closes,  the  shock  wave  indicates  itself  by  an  abrupt  but  Page  I 
not  considerable  rise,  breaking  the  very  gradual  major  descent. 

This  explanation  being  correct,  another  means  is  obtained  of  check- 
ing the  results  arrived  at  by  the  combined  instrument ;  and  Table  III, 
Ck>lumn  II,  contains  a  few  measurements  of  the  number  of  times  that 
the  conjugate  arterial  interval  is  contained  in  the  first  arterial  interval, 
as  found  by  measuring  the  ratio  of  the  interval  between  the  commenc- 
ing arterial  rise  and  the  bottom  of  the  notch  in  the  major  fall  to  the  ^ 
whole  first  arterial  interval.  Column  III  gives  the  theoretical  results 
necessitated  by  the  equations  given  above. 


Table  HI. 


Number  of  times 

the  conjugate 

cardio-arterial 

interval  is 

. 

contained 

n  the  first 

Rapidity 

arterial  i 

nterval, 

of 

pulse. 

as  found 

from 

as  calculated 

measurement 

(approxi- 

of 

mately). 

radial  trace. 

87 

1-596 

1-6 

45 

1-636 

1-626 

68 

1-69 

69 

1-7088 

1-72 

60 

1-74 

1-784 

68 

1-797 

1-78 

It  may  be  mentioned  that  the  reason  why  so  few  of  these  instances 
are  given,  is,  that  there  is  considerable  difficulty  in  measuring  these 
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Bmall  intervals  into  one  another  with  precision;  bat  hy  practice  a  toj 
iaxT  estimate  can  be  made  of  their  value,  and  in  all  cases  thej  seem  to 
agree  with  theoretical  requirement.  The  close  accordance  of  the 
results  obtained  by  ihis  method  in  very  slow  pulses,  and  the  calcnlsted 
results  arrived  at  from  facts  relating  only  to  quicker  ones,  tends 
strongly  to  establish  the  correctness  of  the  law  given  with  ivgard  to 
them. 

In  Table  IV  the  lengths,  in  parts  of  a  minute,  of  the  different 
intervals  referred  to  in  this  communication,  are  given  as  calculated 
from  the  equations  on  which  they  have  been  shown  to  depend.  With 
regard  to  the  second  cardio-arterial  interval,  a  reference  to  Column  VII 
will  show  that  it  varies  very  slightly  within  the  range  of  the  heut'i 
action,  not  being  ^  longer  in  a  pulse  of  36  than  in  a  pulse  of  169  in  a 
minute. 


F^aSi. 


Table  IV. 

L 

II. 

in. 

IT. 

V. 

VI. 

VIL 

Length  of 

Sapi- 
aityof 

Length  of 
in  \y%n*  of 

Lengtb  of 
fir»t  cajvliac 

in  pan«  of 
•  minute. 

Lragtbof 

fixvt  art«TuJ 

interrml, 

in  paTl«  of 

•  minute. 

Length  of 
fint  ardio- 

arteml 
interrml,  in 

Length  of 

oonjugftte 

cftrdioHiite- 

rial  iDterral. 

cftidio- 

ftiteriftl 

interfalin 

puUv 

•  minulo. 

putt  of 
ft  minute. 

inpurta  of 
ft  minute. 

pftrtftofft 
minute. 

Sc; 

•iW 

u»SS033 

•aOW29          -0042785 

-0040298 

-00239621 

4i> 

•OA>U>S 

•0i>:i42S6 

-005813       :   -0)3663 

-00347986 

-002S334S 

64 

tM:»«^:> 

iX>>25 

^XVaiO          -003205 

-0030449 

-00227425 

SI 

nni2^4:c 

ixvi 

xxv4i»i3:i«     -aes474 

•0027081 

•00220546 

liV 

1>l 

iXV> 

iV4<;234        -0025^1 

•002-4359 

•00218745 

lii 

\^VS:?«*»o 

iX^ii 

HXM:»i>9          -002331 

-00221-Uo 

-0020847 

Ul 

iXW* 

iXMl^ 

iX^UHS<?         0021365 

•a>20301 

•0020185 

1(^» 

nKv:*i»i: 

iXVv<k? 

•iXXiS4So        1X^19704 

■0018756 

-0019729 

In  ivnoUision,  tho  fv^  I  lowing:  are  ihe  results  that  hare  been  arrived 
at  l»v  tho  «so  of  tho  hK^vo  itir\i:iv.sphycmograph : — 

I.  Tho  tlrs:  i-sirvllvvartoriAl  ir.urval  varies  inversely  as  the  square 
nvt  of  tho  pulM^rnto, 

•J.  Tl\o  ivtviidto  oaT\liv^^^r:o::al  imerral  varies  inversely  as  the 
tHpi^iro  s\v»:  ot  :^o  p-.^.s^^rato, 

o .  r  v.  o  >i  \v  V.  vl  K-^  rvl  ■  v^  -  r.  r '.0  r :  a  1  : :: :  o  n  al  vnrio  s  voir  lit  tie  with  d  iffer- 
0  V.  t  j»ii '.  >v^  r  A  to*.  V  *.: ;  is  >  *  i;  :■. : '.  v  *  .^  v.  cf  r  :  r.  s*.  ,^  w  o  r  pulse*. 

4.  Vi.o  vxo;»::i  ot  :V.c-  vo:oV.  v.  tho  r.rst  arterial  interval  of  the 
*i»V.\i:v.i.*j:nij»li  t:-*.*KV  v^v.irs  a:   :::o  v.:.nur.:  of  ol<x?ure  of  the  aortic 

\il'.\0 

v''.  rho»,v  i>  v..»  vUrv.v.o  •v.:  0.;:.  v.  :::  :::o  si^hygxuojrraph  trace  of 
tho  utoii'.ov.t  A',  >»*.  vV.  tho  o.ir\l'.ao  s^stvlo  ooiuuioiiot'*. 
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7.  ON  THE  RELATION  OF  THE  TEMPERATURE  OF    Page  126. 
THE  AIR  TO  THAT  OF  THE  BODY.* 

The  nature  of  the  evidence  affecting  theories  in  biological  science  is 
generally  so  fur  from  direct,  that  it  is  onlj  by  the  systematio  working 
out  of  many  of  the  necessary  deductions  that  any  idea  can  be  formed 
as  to  their  value.  The  experiments  detailed  in  this  communication 
were  suggested  by  the  theory  to  be  referred  to  immediately,  and  their 
close  agreement  with  its  requirements  tends  strongly  to  substantiate 
its  accuracy. 

In  a  paper  published  elsewheref  I  have  detailed  several  observa- 
tions which  tend  to  show  that  many  of  the  minor  fluctuations  in  the 
temperature  of  the  human  body  result  from  alterations  in  the  amount 
of  blood  exposed  at  its  surface  to  the  influence  of  external  absorbing 
and  conducting  media.  Others  have  repeated  these  experiments^,  and 
obtained  the  same  results. 

For  example ;  on  stripping  the  healthy  body  in  an  air  of  about 
50^  F.,  a  rise  of  the  internal  temperature  (judged  by  that  of  the  floor 
of  the  mouth)  commences  immediately,  and  in  about  half  an  hour 
amounts  to  as  much  as  three-fourths  of  a  degree.  According  to  the 
above-mentioned  theory  this  phenomenon  is  explained  thus ;  the  con- 
tact of  the  cold  air  against  the  surface  of  the  skin,  previously  main- 
tained at  a  much  higher  temperature  by  the  clothes  covering  it,  pro- 
duces so  considerable  a  contraction  of  the  cutaneous  muscular  vessels, 
and  the  blood  is  driven  so  far  inwards,  that  the  conducting  power  of 
the  thus  modified  skin  is  rendered  considerably  less  than  that  of  the 
clothes  and  blood-filled  skin  combined,  in  the  previous  condition; 
consequently  the  body  temperature  rises  until  a  higher  equilibrium  is 
attained. 

Such  being  the  case,  and  the  contraction  of  the  cutaneous  vessels 
being  evidently  caused  by  the  cold,  it  is  more  than  probable  that  the 
amount  of  this  contraction  should  depend  on  the  degree  of  cold  ap- 
plied, that  is,  on  the  temperature  of  the  external  air  in  which  the 
observation  is  being  conducted ;  and  the  extent  of  this  action  would  Page  127. 
manifest  itself  by  its  effect  on  the  body  temperature,  less  cutaneous 
contraction  causing  less  diminished  conduction  and  consequently  less 
rise  of  temperature  on  stripping. 

•  "  Journal  of  Anatomy  and  Physiology,*'  VI.  pp.  126-«0.  Not.  1871. 
t  *<  Proceedings  of  the  Boyal  Society,"  No.  112, 1869,  p.  419,  et  teq.  (Suprd^ 
p.  6.) 

t  J.  F.  GK)odhart,  "  Guy's  Hospital  Beports,"  1869. 


» 


WMfATWm  'IW  THE 


SmHar  ^Kamndnq  wriald^jBadL  -la  "31  'mrrrpatmm  fempermtere  o€  air 

^H  maiLA  13  53r  ^oe  Lofli  if  coe  tnaaxng;.  and 
in  uiie  h0)ifij  ^emperaczre  'in.  jasppm^ 

The  ^nrractaiftiaB  of  'dicae  •iednccaaiia  maiw  he  jmiged  fra^  the  £ol- 

m7«i(  wiiile  ffiMirFng 


L 

IL 

T  »tun^mmt-\t^ 

i*_  ■•  _ 

Tim*. 

— 

Timtf. 

.]f  AlE. 

laiiuaaLujEB, 

■•        rfAir. 

1L15 

»» 

IT  IS 

asrs 

1 

lUO 

LUO 

ILIS 

9fr^y:5 

LL35 

»s 

. 

lUlO 

Sfr^TS 

.►  4r 

ILJi> 

98rS 

1U» 
1L40 

»3 

r. 

LLJ5 

99- 

^  5r». 

11. 1» 

Sd^lS 

1L45 

11^> 

»r575 

IL50 

9»JS 

IL^ 

»ia^ 

LL^ 

li  31GWT 

»7 

I^n«cr 

90^73 

J 

VLa 

»«:5       J 

Stripped  at  1L»>.     Sue  4>7*  7. 


Stripped  at  11.30. 


fO^WF. 


m. 

IT. 

Time. 

T.n.p«tu,e.   ^-:^=- 

Tnce. 

i 

T<»i>a.taM 

oHiT^ 

10.45 

9Sl 

11  P.M. 

'. 

10X0 

» 

11.5 

99- 

lo:>o 

97925            , 

11.10 

99- 

11   P.M. 

1^19              >►     59=F. 

11.15 

99- 

11.5 

11.20 

99^ 

vrv. 

11.10 

9S35 

11.25 

99« 

11.15 

9S4 

11.30 

99-19 

11.20 

9S425 

11-35 

99^21 

11.40 

99^19 

J 

Stripped  at  10.55.     Rise  (rb'^  F. 


Stripped  at  11.15.     Bite  Q-^  F. 


TO  THAT  OF  THE  BODT. 


39 


V. 

VL 

Time. 

Temperature. 

Temperature 
of  Air. 

Time. 

Temperature. 

Temperature 
of  Air. 

10.15 
10.20 
10.25 
10.30 
10.35 
10.40 
10.45 
10.50 
10.65 

11  P.M. 

9915 

9915 

99-15 

99125 

99-025 

99125 

99-175 

99-175 

99175 

99*175 

►     7rF. 

10.15 
10.20 
10.25 
10.30 
10.35 
10.40 
10.46 

98*8 
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98  96 

99* 

99- 

99- 

.     7VV. 

Fagel28. 


Stripped  at  10.30.    Biae  at  O-OS""  F.  Stripped  at  10.25.    BiBeO*05''F. 


VII. 

VIII. 

Time. 

Temperature. 

Temperature 
of  Air. 

Time. 
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99*15 

99-35 
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99*325 

99*4 
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.     72°  P. 
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10.20 
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10.30 
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10.40 
10.45 
10.50 
10.55 

11  P.M. 

98-8 
98-825 

98-9 
99- 

991 
99-1 
99*1 
991 

.     78'' F. 

Stripped  at  10.60.    Rise  0125'' F. 


Stripped  at  10.36.    BiaeOl^'F. 


It  18  readily  seen  that  the  hotter  the  air,  the  less  is  the  stripping 
rise,  and  that  when  an  external  temperature  of  70°  F.  is  reached,  there 
is  no  rise  at  all.  Several  of  the  higher  temperature  observations  are 
here  given  and  but  few,  of  the  lower,  becaase  in  the  paper  above  re- 
ferred to  ("  Proceedings  of  the  Royal  Society,"  No.  116, 1869)*  there  are 
six  or  seven  of  the  latter  recorded  with  the  temperature  noted  in  all. 

From  these  facts  it  may  be  clearly  seen  that  in  air  below  the  tenir 
perature  of  70**  F.,   the  stripping  rise  varies  inversely  as  the  temperature.  Pag*  129. 
Experiments  as  low  as  to  45°  F.,  have  been  made,  but  no  limit  has 
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been  reached  in  that  direction  yet.  Above  70°  F.  of  the  air,  the  Tesalts 
are  modified  by  the  sweating  that  always  accompanies  80  high  a  tem- 
perature if  the  body  is  clothed,  and  qnite  a  different  class  of  pheno- 
mena appear,  which  have  not  been  much  studied. 

Li  y  and  Y II  there  was  a  slight  fall  of  temperature  at  the  moment 
of  stripping ;  this  was  probably  connected  with  the  perceptible  moisture 
on  the  surface  which  eyaporates  almost  immediately  the  clothes  are 
^•emoved. 

With  r^ard  to  the  nature  of  the  clothing  removed.  It  always  had 
considerable  Don-conducting  power,  being  composed  in  all  cases  of  at 
least  two  layers  of  woollen  material ;  though,  as  the  observations  in 
the  warmer  air  were  made  in  summer,  and  those  in  the  colder,  during 
corresponding  seasons,  the  dress  worn  varied  with  the  time  of  year, 
being  thinner  in  the  former  and  thicker  in  the  latter.  On  the  whole 
the  amount  of  clothing  worn  does  not  seem  to  affect  the  results  as 
long  as  there  is  sufficient  to  keep  the  body  warm  under  ordinary  cir- 
cumstances ;  and  in  the  English  climate  to  do  this,  one  woollen  cover- 
ing seems  always  essential. 

Some  results  obtained  by  Dr.  V.  Weyrich*  with  regard  to  the 
hygrometric  condition  of  the  skin  at  different  temperatures  of  the 
atmosphere,  obtained  by  means  of  an  hygrometer  specially  adapted  for 
the  purpose,  bear  so  fully  on  the  subject  under  consideration  that  thej 
will  be  here  given. 

1st.  When  the  body  is  clothed,  the  amount  of  moisture  excreted 
by  the  skin  does  not  vary  appreciably  when  the  observations  are  con- 
ducted in  an  air  below  70®  F. 

2nd.  When  above  70°  F.  the  amount  of  moisture  excreted  by  the 
skin  rapidly  increases  with  a  rise  in  the  temperature  of  the  atmo- 
sphere. 

It  \a  thus  seen  that  by  means  of  an  entirely  different  method  of 

observation,   Weyrich  finds  that  in  an  air  of  70**  F.    sweating  com- 

Pago  130.  mcnccs ;  and  by  a  combination  of  his  results  with  those  arrived  at 

from  the    facts    given  above,   the    following    conclusions    may    be 

drawn: — 

With  regard  to  the  human  body,  when  covered  with  badly  con- 
ducting clothing,  70^  F.  is  a  critical  temperature  of  the  atmosphere. 
The  removal  of  the  clothing  at  that  temperature  produces  sufficient 
contraction  of  the  cutaneous  muscular  arteries  to  counteract  the  cool- 
ing effects  of  its  loss,  and  consequently  the  internal  temperature  does 
not  change ;  whilst  on  stripping  at  lower  temperatures,  the  vascular 
contraction  induced  more  than  makes  up  for  the  covering  lost^  and  is 

*  "  Dio  Uumorklicho  Wasserverdunstung  der  Menschlichen  Hftut,*'  Lcipdg^ 
18G2.    Abstract  in  '*  British  and  Foreign  Medical  Chirurgical  Beriew/'  Oct.,  1869. 
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conseqnently  followed  hy  a  rise  of  internal  bod j  temperature ;  which, 
like  the  vascnlar  contraction,  is  greater  as  the  cold  is  more  consider- 
able. Above  70°  F.  the  amount  of  perspiration  varies  with  the 
degree  of  heat  and  so  far  compensates,  by  evaporation,  for  the  differ- 
ences of  temperature  as  to  maintain  the  body  at  a  nearly  uniform 
temperature. 

The  temperature  of  air  at  which  sweating  begins  in  the  nude  body 
18  not  known.     It  is  at  about  86"  F.  when  standing  at  rest. 
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P.i5*4i6.         8.  ON  PULSE  FREQUENCY,  AND  THE  FORCES 

WIIICU  VARY  IT,* 

Thb  circulation  of  tlie  blood  is  a  uniform  circulatioD,  the  palBation 
being  neglected,  and  a  uniform  circalation  is  one  in  wkich  the  qtuuifcity 
of  fluid  flowing  through  M  segments  of  the  circalating  system  is  the 
fiame  i  otherwise  there  would  be  a  tendency  for  the  fluid  to  accomiilttle 
ai  certain  points,  which  is  contrary  to  the  premises. 

To  arrive  at  precise  conclusions  respecting  the  circulation  there 
are  two  points  which  must  be  considered  i — 1st.,  The  laws  which  regm* 
late  the  flow  of  fluids  through  capillary  tubes.  2nd.,  The  yariatioiia 
in  the  capacity  of  the  circulating  system  under  different  pre&snres. 
These  will  be  considered  separately,  Poiseuille  foond  tliat  the  flow  of 
fluids  through  capillary  tubes  Taries  directly  as  the  pressure  mnd  as 
the  fourth  power  of  tbo  diameter  of  the  tubes.  The  author  has 
Yerifled  the  former  of  these  results  on  the  vessels  of  the  animal  system 
by  a  different  method.  Respecting  the  capacity  of  the  arteries  and 
rentricles  under  different  blood- pressures,  it  is  evident  that  the 
capacity  of  the  former  must  depend  on  the  pressure  only,  for  they  are 
simple  elastic  tubes,  and  must  be  more  capacious  under  high  than 
under  low  pressores ;  reasons  are  given  below  for  a  more  precise  state* 
ment  of  this  relation.  To  maintain  a  uniform  circulation  with  m 
pulsating  motor,  like  the  heart,  it  is  evident  from  the  above  oonsidera^ 
tions  that  variations  in  the  resistance  at  the  small  arteries  most  pn»- 
duoe  variations  in  pulse-rate ;  and  that  unless  the  capacity  of  the 
arteries  and  heart  vary  directly  aa  tbe  pressure^  variations  in  blood 
pressure  must  be  also  attended  with  change  in  pulse  frequency*  Thai 
the  capacity  of  the  ventricles  is  depeudent  on  the  arterial  blood  prea* 
sure  can  be  proved  by  the  varied  amount  of  opening  up  of  the 
Tentricular  cavities  which  follows  different  fluid  pressures  in  the 
coronary  arteries. 

Next,  the  different  forces  which  Tary  the  pulse-rate  must  be  ooa- 
sidered*  It  can  be  shown  that  any  change  in  the  resistance  to  tbe  flow 
ol  blood  through  the  capillaries  varies  the  pulse-rate,  increased  re> 
BLstance  rendering  the  pulse  slower,  and  the  reverse.  As  instanoea  of 
these  eflects  may  be  given,  the  pulse-slowing  eflects  of  stripping  in  a 
cold  air,  of  a  oold  bath,  and  of  compression  of  large  arteries;  the 
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**  KoAuft'/'  VI.  pp.  44<5,  7.  Sept.  26,  1872,      Fiiper  read  boforo  lite  Brittili 
on  St  the  BrigUton  Mepiaiig  in  Soction  D,  DrpartmcDt  of  Aiifttooij  ^ml 
phjliology.     ^«i  "  B«port  ol  British  AstociAtion/*  1872»  p.  151. 
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pulse* quickenmg  effects  of  a  hot  bath,  whether  air  or  water.  Nume- 
rous experimonts  by  the  author  prove  tbat  the  effect  of  copious  blood- 
letting is  not  to  modif  J  the  pulse-rate  at  aiJ,  thus  showing  that  the 
law  given  bj  Marey  respecting  puke  frequencj  is  not  correctly  based. 
The  above  points,  namely,  the  law  of  Poiaeuille,  the  dependence  of  the 
capacity  of  the  arteries  and  ventricles  on  the  pi-eesure  of  the  blood, 
the  dependence  of  the  pulse-rate  on  the  peripheral  resistance  and  its 
non-dependence  on  the  blood  presaore,  can  aU  be  correlated  by  only  on© 
theory,  namely,  that  the  heart  always  re- commences  to  beat  when  the 
tension  or  pressure  in  the  arteries  baa  fallen  at  invariable  proportions, 
which  also  assumes  that  the  capacity  of  the  heart  and  arteries  varies 
directly  as  the  pressure.  The  facta  tbat  the  arteries  are  generally 
empty  after  death,  and  that  the  cavity  of  the  heart  is  sometimes  found 
to  be  obliterated  on  rii^or  mortis^  ahow  that  absence  of  pressnre  and 
capacity  go  together. 

This  theory  explains  the  known  peculiarities  in  pulse-rate  attending 
change  in  position,  by  showing  that  while  standing  all  the  presanr©  of 
the  body  weight  is  Ijorne  by  non- compressible  rigid  tissues,  and  bo  the 
circulation  is  normal,  but  while  lying,  the  soft  parts  are  compressed 
and  resistance  introduced  into  the  circulation,  redncing  the  rapidity 
of  tension-fall,  and  therefore  the  frequency  of  the  pulse ;  an  internie' 
diate  condition  attends  the  sitting  post  are.  The  pulse  quickens  during 
inspiration,  and  becomes  slower  daring  expiration ;  for  during  the 
former  act  the  reducing  pressure  in  the  chtjst  lowers  the  aortic  blood 
pressure,  and  makes  the  tension- fall  more  rapid,  while  in  ezpiraiion 
the  reverse  occurs. 

This  theory  also  is  the  only  one  which  throws  light  on  the  cardio- 
graph law  published  by  the  author  (see  **  Journal  of  Anatomy  and 
Physiology,"  1870-71),  which  may  be  thus  stated:— For  any  given 
pnlse-rate  the  first  part  of  the  heart *s  revolution  has  a  constant  length, 
but  it  varies  as  the  square  root  of  the  length  of  the  complete  pulsa- 
tion. The  pulse-rate  not  depending  on  the  blood  pressure,  and  the 
length  of  the  first  cardiac  interval  not  varying  when  the  rate  is  con- 
stant, its  length  also  does  not  depend  on  the  blood  pressure.  The  first 
cardiac  interval  may  be  divided  into  the  systole  and  the  interval 
between  that  and  the  closure  of  the  aortic  valve  (the  diaspasis); 
these'  combined  not  varying  as  the  blood  pressure,  it  is  almost  certain 
that  separately  they  do  not  do  so  either  ;  so  it  may  be  said  that  neither 
the  length  of  the  systole  nor  of  the  diaspasis  depends  on  the  blood 
pressure*  But  the  fall  of  tension  between  the  pulse* beats  being  but 
email,  and  the  diaspasis  length  not  depending  on  the  blood  presanre, 
there  is  no  reason  why  it  should  vary  in  length  with  different  pulse- 
rates  ;  and  assuming  this  in  connection  with  the  measured  diaspasis 
length  in  a  particular  case  (-00183  of  a  minute),  it  can  be  deducted 
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from  tlie  above  cardiograpli  law,  that  the  systolic  length  varies  as  the 
square  root  of  the  diastolic.  From  these  ^tcts  the  relation  of  the 
nutrition  of  the  heart  to  the  time  of  heart  nutrition  (diastol6)  and 
to  the  blood  pressure  maj  be  deduced ;  for  the  systolic  length  not 
varying  with  the  blood  pressure  when  the  pulse*rate  is  constant,  it  is 
evident  that  the  ccirdiac  nutrition  must  vary  directly  as  the  blood 
pressure  in  the  aorta ;  and  the  systol6  varying  as  the  square  root  of 
the  diastolic  time,  shows  that  the  nutrition  of  the  heart  varies  as  the 
square  of  the  time  of  nutrition  (diastol^),  for  with  a  quadruple  resis- 
Page  447.  tance  to  the  peripheral  circulation,  the  heart  would  be  four  times  the 
time  in  emptying  itself,  but  it  is  only  double  that  time,  which  demon- 
strates the  statement. 

A  complete  logical  explanation  of  the  action  of  the  pneumogastrio 
can  be  given  on  this  theory,  by  assuming  that  its  function  consists  in 
diminishing  the  calibre  of  the  small  arteries  of  the  coronary  system, 
and  always  keeping  them  somewhat  contracted. 
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9.  ON  THE  LAW  WRICH  REGULATES  THE  FRE- 
QUENCY OF  THE  PULSE.* 


Page  I. 


^ 


[The  paucity  of  mechanical  tbeoriea  to  e^cplBin  the  frequency  of  the 
pnalse,  probably  arises  from  the  very  general  aasumption,  tbat  in  all 
cases  when  the  rapidity  of  the  heart's  beat  is  caused  to  vary,  the 
action  of  nerves  with  special  powers  of  retarding  or  qmickening  it  is 
fcrought  into  play  ;  and  the  relation  of  heart  power  to  work  to  be  per- 
formed, has  not  been  introduced  into  the  problem. 

The  theory  of  energy  has  of  late  spread  so  far  and  wide  the  neces- 
sity for  Ending  in  all  cases  where  work  is  done  a  sufficient  source  for 
the  production  of  that  work,  in  one  form  or  other,  that  a  vagne  state- 
ment to  the  effect  that  heart  frequency  depends  solely  on  nerve  action, 
is  far  from  sufficient  for  the  i-equiremenfcs  of  physiologists.  It  is  now 
necessary  to  show  that  with  different  amounts  of  work  to  be  per- 
formed in  the  circulation,  different  supplies  of  nutrient  substance  must 
be  presented  to  the  motor  organ^  just  as  in  the  steam-engine  the 
amount  of  fuel  must  be  varied  accordiug  to  the  work  required  from 
the  machine. 

When  the  microscope  revealed  the  existence  of  a  well-marked 
muscular  coat  to  the  smaller  systemic  arteries,  it  became  evident 
that  the  different  diameters  of  those  vessels  cousequent  on  the  degrees 
of  contraction  of  their  walls,  varied  the  amount  of  force  necessary  to 
propel  the  blood  through  them  \  and  thcRe  variations  have  been  con-  Pago  2. 
siderably  studied  of  late.  Dr.  Marey  of  Paris,  the  introducer  of  the 
Bphygmograph,  has,  in  hia  most  scientific  treatise  "  On  the  Circulation 
of  the  Blood," t  strongly  drawn  attention  to  this  sabject,  and  he  has 
worked  out  a  theory  respecting  the  law  regulating  the  fi'cquency  of 
the  pulse,  which  is  based  mainly  on  the  variations  in  arterial  resist- 
ance. 

This  theory  of  Marey*s  it  will  be  necessary  to  recapitulate  here, 
and  to  examine  the  facta  on  which  it  rests.  The  following  is  the  law 
in  the  two  forms  in  which  he  gives  it* 

1*  **  The  heart  beats  so  much  the  more  frequently,  as  it  experi- 
oices  less  difficnlty  in  emptying  itself." 


•  Thi»  pBper  wa*  originally  printed  and  published  eeparatoly  (I^cmdon  :  H.  K. 
136,  Ghjwer  Street,  1872),  but  wm  aftenmrds  repiibljslied  in  Uio  "Journal  of 
Anatomy  and  PliTsiolo'^y,"  Yll.  pp.  2!9-3'2,  and  VIIL  pp.  54-61,  with  one  or 
two  correctiona  which  have  been  liere  inserted. — Ed. 

t  **  Pbysiologie  Mcdicale  de  la  Circulation  du  Sang,**     Paris,  1863, 
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2.  "  The  frequency  of  the  paUe  varies  inveTsely  as  the  arteru^^ 
tenBion/' 

As  reasons  for  the  accuracy  of  this  law  are  given — 

let.  The  aualogy  of  other  intermittent  ninacnlar  movements,  &b 
the  following: — A  man  can  walk  a  certain  distance  qnieker,  the  lew 
he  is  loaded.  Or  this — ^The  hand  can  he  moved  alternately  backwards 
and  forwards  more  quickly  in  air  than  in  the  more  resisting  fluid,  water. 

2nd.  The  presBuro  can  be  made  to  change  by  variations  in  the 
amount  of  blood  in  circulation,  and  by  modifications  in  the  degree  of 
arterial  or  capillary  resistance,  both  of  which  vary  the  pulse-rate  in 
the  manner  required  by  the  theory. 
Piig©  3.  To  prove  the  effecta  of  different  amounts  of  blood  in  circnlation, 
the  experiments  of  Hales  are  quoted^  in  which  he  found  that  loss  of 
blood  increased  the  frequency  of  the  pnlse. 

To  prove  the  effects  of  varied  arterial  or  capillary  resistance,  many 
satisfactory  and  original  results  are  referred  to ;  among  them,  the 
effect  of  compressing  the  abdominal  aorta,  or  the  femorals,  which 
retards  the  pulse ;  the  effects  of  cold  baths,  according  to  Drs.  Bence 
Jones  and  Dickinson,  when  the  pulse  was  greatly  reduced  in  fre- 
quency ;  the  quickened  pulse  following  successive  additions  of  warm 
clothing  over  the  body  is  also  proved* 

From  these  latter  results  it  is  clear  that  Marey  assumes  that  by 
varying  the  capillary  resistance  the  blood  pressure  is  also  varied  at 
the  same  time,  but  this  assumption  is  not  necessarily  true  in  a  circu- 
lati<»u  that  is  maintained  hy  a  pulsating  motor  organ  whose  rat©  is 
variable^  as  can  bo  easily  shown  by  an  analogy  from  electricity,  which 
is  a  useful  one  in  many  ways  to  students  of  the  circulation,  and  is 
quite  worth  being  worked  out  hy  each.  It  is  this : — Suppose  a  battery 
connected,  throagh  a  break-and-raake  key,  to  a  long  uniform  insulated 
line  or  telegraph  cable,  insulated  at  the  other  end,  and  connected  with 
a  static  galvanometer. 

First  connect  the  two  parts  hy  the  key  and  thereby  charge  the  line, 
and  then  break  connection ;  upon  this  the  charge  will  fall  in  tension 
slowly,  and  this  fall  may  be  observed  on  the  galvanometer;  when  the 
tension  has  fallen  one  half,  reconnect  and  break  again.  It  is  evident 
that  if  this  process  be  repeated,  a  definite  current  is  maintained 
Plage  4.  between  the  cable  and  the  snrronuding  bodies  to  which  it  leaks.  If 
the  line  be  now  halved  in  length,  whereby  the  resistance  is  doubled, 
and  ap:ain  insulated  at  tho  free  end,  it  is  e\^dent  that  by  again  break- 
ing and  making  contact  as  befcDre,  when  the  tension  is  halved,  the 
maxiniora  tension  will  not  be  changed.  So  with  the  circulation,  if 
the  resistance  in  the  arterial  peripheral  vessel  is  varied  and  the  length 
of  the  pulsation  depends  on  the  time  of  fall  in  tension  only,  the 
prsMore  doea  not  vary*  if  the  vascular  capacity  is  constant. 


I 


I 


I 


I 


THE  FREQUEXOT  OF  THE  PULSE, 


47 


It  18  thas  seen  that  the  blood  pressure  need  DOt  depend  on  the 
arterial  resifitance,  but  it  the  pressure  does  not  vary,  the  pulse-rate 
must  do  so. 

A  desire  to  arrive  at  the  genuine  valoe  of  this  theory  of  Marej*8, 
led  me  to  make  experiments  similar  to  his  own,  as  to  the  accuracy  of 
his  fnndamental  facts.  My  observations  were  divided  into  two  series, 
to  find,— 

Ist.  Whether  the  pulse-rate  was  related  to  the  capillary  resiHtance. 

2nd.  Whether  the  pulse-rate  depended  on  the  pressure  of  the 
blood  in  the  arteries. 

These  points  will  be  considered  separately. 

Ist,  Tfis  relation  of  the  imhe-raie  to  ike  arterial  resistance. 

The  effect  of  exposing  the  surface  of  the  body  to  the  influence  of 
different  temperatures,  whereby,  as  it  has  been  mj  endeavour  to  prove 
elsewhere, •  variations  in  the  calibre  of  the  cutaneous  vessels  are  pro- 
duced, was  carefully  examined  and  the  following  tables  embody  my 
results,  the  curves  being  those  of  clianges  in  pulse-rate. 

ExperhnetU  I,  Temperature  of  the  air  51*5^  F.    Nude  at  11*57  p.m.  Page  5» 
Lay  down  on  floor,  carpeted,  on  right  side,  at  11.58  p.m.i  with  head  on 


ITlGHT      50 


12.5 


12.15 


12.30 


12.45      

foot-stooh  Did  not  feel  cold.  Got  up  and  put  on  night  ^hirt  and 
jumped  into  bed  at  12.20 ;  a  skin  glow  came  on  at  12,29.  Same 
positioii  maintained  in  bed  as  when  on  carpet, 

E'xperiniefU  11,  Temperature  of  air  50*"  F.     Nude  at  1L40  a.m.  and 
lay  down  on  right  side.     Experiment  conducted  exacHy  as  the  last. 


■  Proceeding*  ot  f  h^  Hojul  Hoeicty/'  1860,  p.  il9.  {Sttprri,  p.  6.) 


Got  up  mi  12  niglit,  and  in  bed  in  lees  than  a  mmute.    A  glow  < 
on  at  12.6. 

Birperimeni  III,  Tempentiire  of  air  b2:h^  Y,     To  show  that  the 
change  in  pnlse^rate  did  not  depend  on  the  effort  of  getting  into  bed* 
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ExperimeBt  conducted  exactly  as  the  first.     Nude,  lying  on  the  right 
Bigo  e.  side,  at  11.7  p.m.     Got  np  at  11.26  p.m.,  pnt  on  night  shirt,  took  it  off 
again  and  lay  down  again  on  floor.     Grot  np  again  at  11. 45 '5"  and  went 
into  bed,  in  night  shirt.     A  glow  came  on  at  1L54'5"  p.m. 

From  these  observations  it  is  apparent  that  the  effect  of  simply 
altering  the  condition  of  the  cutaneous  vessels,  by  varying  their  robi- 
tiona  to  external  agencies,  varies  the  pulse-i'ate  in  a  definite  manner; 
and  thermometric  results  show  that  on  warming  the  skin,  as  by  covering 
it  with  bad  conductors,  the  vessels  are  increased  in  calibre  and  the 
arterinl  resistance  rednced.  These  experiments  therefore  show  that 
rodncing  the  resistance  quickens  the  pulse. 

Marey*8  own  observations,  specially  as  they  are  recorded  moslly  by 
the  graphic  method,  are  of  themselves  sufficiently  convincing  on  this 
point.  He  compressed  the  aMominal  aorta  of  a  horse,  per  rectnin, 
and  found  the  pulse  thereby  rendered  mnch  slower.  The  same  it^nlt 
followed  compression  of  the  human  femoral  arteries. 
Pjigo  7.  The  quickened  pulse  produced  by  the  Turkish  bath  (in  one  case 
reaching  the  exti'eme  rapidity  of  172  in  a  minute  nn  myself),  is  well 
known ;  as  is  the  slow  one  following  a  cold  bath,  as  shown  by  Brs.  Bunoe 
Jonea  and  Dickinson. 

Prom  these  many  fact^,  all  tending  in  one  cliroetion  only,  it  may  bo 
atated  tlmt  the  rapidity  of  the  pube  varies  inversely  lis  the  rosistat 
to  the  flow  of  blood  from  the  arteries. 

2nd.   T/*e  rehttum  ft/  the  puhe'Tate  to  the  amowU  of  blood  ut  ctrc 
tiori^  ur  to  the  blot}d  pr*^i*un*  tn  the  utieiies. 

The  following  experiments  wore  made : — 
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ExperimetU  IV,  An  old  donkej  which  had  been  standing  for  more 
than  half-an-honr  in  the  room  in  which  the  experiment  was  condacted, 
bad  at  7.30  a.m.  a  pnlse  of  34  a  minate.  At  7.40  half  an  ounce  of 
chloral  hydrate  was  given  it  in  2  oz.  of  water. 

PuUe 

At  a  minnte. 

7.5(/  46  Standing  unsteadily  as  if  intoxicated. 

7.52'  It  fell  down  asleep. 

7.55'  43 

7.5d'  40 

SJSf  48  A  tap  haying  been  put  in  the  jugular  vein,  but  no 

bleeding  haying  occurred. 

8.12^  52  Bleeding  slowly  from  jugular. 

ai5'  87  1 

,,  64  I  Minute  after  minute,  the  animal  haying  lost  altogether 

„  62  I      about  one  pint  or  a  little  more  of  blood. 

,,  60  J 

8.19^  59  Bleeding  freely. 

8.20'  52  Bleeding  ceased. 

8.21'  49 

8.22'  48 

8.22'  30^  Bleeding  resumed. 

8.23'  30"    49  Bleeding.    Besp.  11-5. 

8.24'  15"  Bleeding  ceased  after  loss  of  another  pint  and  half.           Page  8. 

8.24'  30"    43  Bleeding  ceased. 

8.26' 15"    42  No  bleeding.    Resp.  US. 

8.26'  42 

8.28'  15"    42  Bleeding  freely. 

8.30'  30"    42  >,           I,      Besp.  13. 

8.34'  30"    37  „           „ 

8.3o  -38  )y           tj 

8.40'  37 

8.42'  35  „          „      Besp.  14. 

8.45'  36  „           ,,      Besp.  16. 

and  from  this  time  nntil  9.10,  by  which  time  more  than  half  a  pailfal 
of  blood  had  been  lost  and  the  carotid  pulsations  were  very  feeble,  the 
pulse  remained  at  35*6  to  35  in  a  minute,  with  the  respirations  varying 
from  12  to  13  in  the  same  time,  and  the  loss  of  blood  being  continuous 
throughout. 

The  animal  did  not  move  once  through  the  whole  experiment. 

ExperiTYieiit  V.  A  terrier  dog  had  30  grains  of  chloral  given  it  in 
two  doses,  15  grains  first  and  another  15  grains  about  an  hour  after- 
wards. This  did  not  render  it  quite  comatose,  so  it  sniffed  chloroform 
until  insensible,  when  a  haBmadynamometer  was  connected  with  one  of 
its  carotids,  and  a  pressure  of  66  inches  was  immediately  registered, 
which  was  steadily  maintained,  undulating  with  the  respiration. 
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In  tliis  experiment  the  bleeding  occnrred  from  the  carotidy  and 
took  place  between  the  pnlse  countings,  which  were  traced  on  a  re- 
volving drum.  The  great  fall  in  pressure  indicates  the  excessive 
bleeding  in  one  case.  In  others  a  much  less  quantity  of  blood  was 
lost  on  each  occasion. 

There  was  no  bleeding  after  the  fall  in  pressure  to  1*7  inches,  and 
from  that  time  the  pressure  and  pulse  became  less  and  less  till  the 
animal  died. 

Experiment  VI,  A  rabbit  was  made  comatose  by  15  grains  of 
chloral,  and  was  bled  to  death,  the  whole  operation  taking  half  an 
hour.  An  hadmadynamometer  was  connected  with  the  carotid,  and 
the  blood  was  lost  from  the  jugular  of  the  same  side,  in  drops  con- 
tinuously. The  pressure,  at  first  at  about  6  inches,  fell  at  the  end  of 
the  experiment,  to  less  than  1  inch,  when  death  occurred.  The  fol- 
lowing are  the  pulse-rates  taken  at  equal  intervals  during  the  half 
hour : — 
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death  from  loss  of  blood. 

From  these  experiments  it  is  evident  that  the  pulse  does  not  in- 
crease in  frequency  with  loss  of  blood,  as  it  did  not  do  so  in  any  one  of 
them. 

In  Experiment  lY  the  pulse-rate  rose  on  making  the  incision  in  Page  11. 
the  skin  necessary  to  expose  the  jugular  vein,  and  continued  to  do  so 
shortly  after  bleeding  commenced,  but  soon  diminished;  and  after 
reaching  36  a  minute,  remained  perfectly  constant,  notwithstanding  a 
continuous  and  considerable  loss  of  blood  from  the  vein  until  the 
animal  was  almost  exsanguinated.    - 

With  the  rabbits  the  difficulty  in  keeping  them  completely  under 
the  influence  of  the  hypnotic,  with  the  tendency  to  struggle,  makes 
the  results  less  uniform ;  but  in  all  the  cases  there  was  a  fall  in  pulse- 
rate,  not  a  rise,  accompanying  the  reduction  in  blood  pressure.  This 
fall,  which  was  not  very  great,  may  result  from  the  cooling  of  the 
surface,  consequent  on  the  lessened  circulation. 

From  these  observations  it  may  be  concluded  that  variations  in  the 
amount  of  blood  in  circulation  do  not  vary  the  rapidity  of  the  pulse, 
and  consequently,  that  the  pulse-rate  is  not  dependent  on  the  blood 
pressure  as  Marey  supposed. 

The  next  question  was — What  law  as  to  the  frequency  of  the 
heart's  beats  would  satisfy  these  two  above-proved  facts,  namely,  the 
dependence  of  the  pulse  length  on  the  arterial  resistance  and  its  non- 
dependence  on  arterial  blood  pressure  ? 

The  method  adopted  by  Mr.  Fleeming  Jenkin  for  detecting  the 
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insnlabion  of  long  cables  at  different  times  occurred  to  me  as  being 
snbject  to  exactly  similar  laws,  the  time  of  fall  of  cable  charge  from 
tension  to  half  tension,  which  he  employs,  varying  directly  as  the 
leakage,  and  as  that  only. 

Can  it  be  that  the  heart  always  recommences  to  beat  when  the 
Page  12.  tension  falls  a  certain  invariable  proportion,  and  then  only  ?     This 
theory  it  was  my  next  object  to  analyse,  and  the  different  elements 
into  which  it  resolves  itself  were,  and  will  be  now,  considered  sepa- 
rately. 

First,  as  to  the  full  meaning  of  the  term — a  uniform  circulation. 
A  uniform  circulation  is  one  in  which  the  quantity  of  fluid  flowing 
through  all  cross  sections  of  the  circulating  system  is  the  same;  for 
if  the  flow  through  one  part  were  less  than  through  another,  there 
would  be  a  tendency  for  the  fluid  to  accumulate  in  front  of  the  obstruc- 
tion, which  is  incompatible  with  the  premises. 

As  a  consequence  of  this,  the  heart  must  always  recommence  to 
beat  directly  as  much  blood  has  left  the  capillaries  as  was  sent  out 
from  it  in  the  previous  pulsation,  and  therefore  the  length  ef  the  pause 
or  diastole  must  depend  on  the  relative  capacities  of  the  heart  and  of 
the  arterial  system,  and  on  the  rapidity  of  the  flow  of  blood  through 
the  capillaries* 

At  this  point  the  work  of  Poiseuille  respecting  the  flow  of  fluids 
through  capillary  tubes  is  invaluable.  He  found*  that,  other  things 
being  the  same,  the  flow  of  fluids  through  capillary  tubes  varies 
directly  as  the  pressure.  These  results  were  verified  by  a  Commiitee 
of  the  Academy  of  Sciences ;  and  by  an  entirely  difierent  method  I 
have  been  enabled  to  do  the  same  on  the  vessels  of  the  animal  system. 
Page  1?.  My  method  was  the  following  in  a  particular  case : — The  kidneys 
of  a  deer,  with  the  aorta  and  renal  vessels  intact,  were  removed  from 
its  body  and  placed  for  some  time  in  water  at  100*'  F. ;  the  aorta  was 
ligatured  just  below  the  origin  of  the  renal  arteries,  and  a  nniform 
glass  tube  was  tied  into  it  just  above  them.  Water  at  100**  F.  was 
poured  into  the  tube  and  it  distended  the  organs ;  the  tube  was  main- 
tained full  by  a  continuous  supply,  which  was  suddenly  stopped  and 
the  time  of  fall  of  the  column  from  tension  to  half  tension  at  different 
initial  pressures  observed,  and  it  was  always  found  that  it  took  exactly 
the  same  time  to  fall  from  40  inches  to  20  inches  as  from  20  inches  to 
10  inches,  thus  verifying  the  law. 

This  law  being  thus  true,  it  is  evident  that  if  the  capacity  of  the 
arterial   system,   including  the  left  ventricle,  varies  directly  as  the 


•  **  Recherchcs  exp(5riuieiitale8  sur  le  mouvement  des  Hquides  dans  les  tubes  de 
triis-pctits  diain6tres.'*  "  Rapport  do  rAcaddmie  des  Sciences.  Comptes  Rendua.'* 
Toinc  IV.  1842. 
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pressure,  then  the  heart  must  always  recommence  to  beat  when  the 
arterial  tension  has  fallen  a  certain  proportion ;  for  with  doable  pres- 
sure and  consequently  doable  amonnt  of  blood,  the  time  of  flow 
through  the  capillaries  is  constant,  as  the  flow  varies  directly  as  the 
pressure ;  and  with  double  resistance  and  unvaried  pressure  the  time 
of  flow  is  double  also,  for  the  heart  pumps  again  when  as  much  has 
gone  from  the  capillaries  as  it  has  sent  into  the  arteries  and  the  rela- 
tive capacities  of  the  heart  and  arteries  do  not  vary  according  to  the 
assumption. 

But  does  the  capacity  of  the  arterial  system  vary  as  the  pressure  ? 
This  is  a  point  which  it  is  very  difficult  to  prove.  With  regard  to 
the  heart,  the  following  facts  bear  on  it : — By  connecting  a  syringe 
with  the  coronary  arteries,  or  by  tying  it  into  the  aorta  and  pumping  Pago  14. 
backwards,  it  can  be  shown  that  increasing  the  pressure  in  the  coro- 
nary arteries  increases  the  capacity  of  the  ventricles.  Also  in  many 
post-mortem  examinations  the  heart  is  found  with  the  ventricular 
cavities  fully  obliterated,  and  as  they  are  not  then  in  action,  the  capa- 
city of  the  heart  and  the  pressure  in  it  are  at  a  minimum  together. 
This  is  all  the  direct  evidence  that  it  is  in  my  power  to  bring  on  this 
point. 

With  regard  to  the  arterial  system  and  its  capacity,  the  absence  of 
blood  in  the  arteries  after  death  has  been  known  from  time  imme- 
morial, and  if  their  capacity  varied  directly  with  the  pressure,  it  is 
evident  that  that  must  be  the  case,  both  capacity  and  pressure  being 
at  a  minimum. 

A  direct  method  of  determining  this  point  having  occurred  to  me, 
the  following  description  will  illustrate  it.  In  a  rabbit  one  of  the 
carotids  was  put  in  communication  with  a  kymographion  ;  and  during 
the  time  the  recording  drum  was  revolving,  the  chcs:  war,  suddenly 
opened  and  the  ventricles  cut  across  transversely.  The  pressure  fell 
rapidly  to  zero,  and  it  is  clear  that  the  fall  must  have  arisen  from  the 
escape  of  the  blood  through  the  peripheral  vessels,  as  the  aortic  valves 
would  close  immediately.  The  curve  of  descent  would  take  a  definite 
form,  which  is  easily  expressed  in  mathematical  language,  if  the 
capacity  diminished  as  the  pressure.  Unfortunately  the  time  required 
to  open  the  chest,  and  other  difficulties  connected  with  the  operation, 
prevented  my  results  from  being  of  much  value,  and  Dr.  Michael 
Foster  suggested  to  me  that  the  same  object  would  be  attained  if  the  Page  15. 
heart  were  made  to  stop  by  the  action  of  the  interrupted  current  on 
the  pneumogastric  nerve.  Mr.  Martin  of  Christ's  College,  Cambridge, 
kindly  sent  me  some  traces  thus  taken,  /tnd  one  of  the  two  which  are 
suitable  for  measurement,  entirely  conforms  with  the  law  that  the 
capacity  of  the  vessels  varies  directly  as  the  blood  pressure,  assuming 
Poiseuillo's  law  to  be  correct.     The  other  curve  does  not  exactly  fulfil 


54 


THE  L.VW  WHICH  REGULATES 


the  reqnirementfi,  but  varies  verj  little  from  tliem.  When  furtlier 
opportanitj  occutb,  I  hope  to  repeat  these  experiments  on  a  lai^r 
scale. 

It  can  also  be  shown  in  other  ways  that  the  arteries  do  not  ohej 
the  laws  of  ordinarj  elastic  tubes.  Thoy  are  covered  by  a  dense,  scaroelj' 
elastic^  fibrous  coat  which  litnit^  their  distension,  and  thej  are  gnr- 
rounded  by  organs  and  moscles  which  are  presBing  on  them  in  all 
directions*  So  it  may  bo  said  at  least  that  they  do  not  vary  in  capa- 
city aa  simple  elastic  tubes,  and  that  the  difference  is  towards  their 
varying  directly  aa  the  pressure. 

However,  the  indirect  evidence  proves  that  the  capacity  of  the 
arterial  system,  the  ventricle  included,  varies  directly  as  the  pressure : 
for  the  facts  above  considered  as  to  the  frequency  of  the  poke  depend- 
ing on  the  resistance,  and  not  at  all  on  the  pressure,  can  only  be 
explained  on  this  assumption. 

If  the  direct  evidence  as  to  the  capacity  of  the  vessels  had  been 
contradictory,  it  is  true  that  it  would  have  been  necessary  to  assume 
some  error  in  the  method  of  conducting  the  pulse  experiments;  but  us 
above  shown,  it  i&  quite  in  the  right  direction  and  only  lacks  partial 
direct  verification. 

Page  16.  So  much  in  the  verification  of  theories  connected  with  Physiology 
muBt  depend  on  the  way  in  which  collateral  facts  are  explained  by 
them  that  it  will  be  advisable  now  to  consider  some  of  them,  and  thcoe 
considerations  will  be  divided  into  two  sections^ — 1st.  The  explanatioQ 
of  the  known  variations  in  pulse-rate  in  health ;  and  2ndly,  The  expla- 
nation of  the  cardiograph  laws, 

1st.  Variaiivns  in  Puhe^rcUe  in  Health, — With  reference  to  these 
points,  as  on  this  theory  change  in  pulse-rate  can  only  depend  on 
change  in  arterial  resistance,  it  is  evident  that  Marey*8  law  will,  upon 
his  supposition  as  to  the  relation  between  blood  pressure  and  arterial 
resistance,  explain  the  phenomena  equally  well. 
The  following  ore  some  of  the  best  known  : — 
The  Effects  of  Mespircdion  on  the  Fulse^raie. — Physiologists,  thon( 
not  completely  agreed  as  to  the  effects  of  respiration  on  this  pressoj^ 
of  the  blood  in  the  arteries,  all  acknowledge  that  during  inspiratioti 
the  pulse  quickens,  and  during  expiration  it  gets  slower,  whether  the 
pressure  rises  or  falls.  The  theory  under  consideration  clearly  shows 
that  this  must  be  so,  for  during  inspiration  the  expansion  of  the  chest 
must  reduce  the  pressure  in  the  intra-thoracic  aorta,  and  conserinently 
its  contained  blood  must  fall  in  tension  more  rapidly  than  if  the  ehesi 
wore  motionless,  and  the  more  rapid  tension  fall  causes  increase  in 
pulse-rate.  In  expiration  the  opposite  occurs,  diminution  in  chest 
cepacity  reduces  the  siae  of  the  aorta  and  eonsequently  delays 
lime  of  fall  of  tension,  and  therefore  slows  the  pulse. 
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If  other  remote  effects  of  respiration  tend  to  modify  the  pressure  Page  17. 
in  the  vessels,  it  is  evident  that  they  wonld  co-exist  with  the  above 
and  influence  it  bat  slightly,  explaining  the  existence  of  the  experi- 
mental discrepancies. 

The  Effect  of  Position  of  the  Body  on  the  FuUe-raJte. — The  experi- 
ments of  Dr.  Gay  led  him  te  explain  the  differences  in  pulse-rate 
following  change  of  position  as  depending  on  the  amount  of  muscular 
effort  necessary  to  maintain  the  positions  assumed,  and  his  explana- 
tion, assuming  that  muscular  effort  of  itself  can  change  pulse-rate,  is 
very  complete.  It  is  curious  that  the  theory  under  consideration 
gives  an  interpretation  of  the  same  facte,  though  very  different  from 
that  of  Dr.  Guy. 

The  following  are  the  most  essential  facts  : — The  pulse  is  quickest 
while  standing  erect,  slowest  while  lying,  intermediate  while  sitting, 
slow  while  standing  leaning,  and  while  supported  entirely,  as  by  being 
bound  to  a  wheel  in  any  position. 

The  following  is  the  explanation : — ^While  standing,  the  only  soft 
parte  of  the  body  which  support  the  weight  of  the  body  are  the  soles 
of  the  feet,  and  the  weight  is  transmitted  to  them  through  non- vascu- 
lar and  rigid  tissues,  cartilage  and  bone.  Consequently  the  blood 
flows  freely  through  almost  all  the  vascular  system  unobstructed.  But 
while  lying,  most  of  the  weight  is  supported  by  highly  vascular  tissues, 
as  the  shoulders,  arms,  thighs,  and  legs,  and  consequently  much  of  the 
circulatory  system  is  greatly  reduced  in  capacity  from  the  compression 
it  experiences,  and  considerable  resistance  to  the  flow  of  blood  is 
introduced  into  the  system,  the  fall  of  tension  is  reterded,  and  the  Page  18. 
pulse  therefore  rendered  slower. 

In  sitting,  an  intermediate  condition  is  the  result  and  an  interme- 
diate rate  of  pulse  is  produced. 

Leaning  while  standing,  and  entire  support  on  a  wheel,  both  by 
introducing  resistence  from  compression  of  soft  parte,  tend  to  make 
the  pulse  slow. 

Thus,  according  to  Dr.  Guy's  assumption,  the  slow  is  the  normal 
pulse,  and  the  quick  the  induced ;  upon  the  fall  of  tension  theory  the 
reverse  is  the  case.  The  occurrence  of  bed-sores  and  the  paleness  of 
a  compressed  part  prove  that  pressure  disturbs  the  uniformity  of  the 
circulation. 

The  rapid  pulse  after  a  meal,  during  digestion,  depends  on  the 
relaxation  of  the  vessels  of  the  alimentery  canal  while  ite  functions 
are  being  performed. 

In  a  paper  on  cardiograph  tracings*  from  the  human  chest  wall, 

*  Since  writing  the  paper  referred  to,  a  further  compariflon  of  tracings  has 
shown  me  that  in  the  slow  pulses  taken  while  lying,  I  mistook  the  primary  systolic 
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publialxed  in  the  Sth  vol, of  the  **  Jommal  of  Anatomy  and  Phjsiology/*^ 
I  haye  endeaTOured  to  stibstantiate  a  law  inspecting  the  olemenis  of 
the  heart's  beat,  which  may  be  thus  enunciated  : — 
Pago  19.  The  heart 'b  beat  consists  of  two  parts,  which  for  any  given  pnlae* 
rate  do  not  vary  in  their  ratio  to  one  another ;  bnt  the  length  of  the 
first  part  varies  inversely  as  the  square  root  of  the  rapidity  of  the 
pnlse* 

A  second  series  of  meBsnrcmeota  of  the  cardio-arterial  intervalB, 
published  in  the  **  Proceedings  of  the  Royal  Society ,"t  have  farther 
verified  the  law  just  stated,  and  in  the  rest  of  thia  paper  it  will  be 
assumed  aa  proved.  No  theory  respecting  the  circulation  throws  light 
on  its  significance ;  but  the  one  which  it  has  been  my  endeavour  to 
demonstrate  above  gives  a  very  satisfactory  explanation  of  it,  which 
win  now  bo  considered  in  detail. 

Fii'st,  the  heart*8  beat  consists  of  two  parts,  which  for  any  given 
pulse-rate  do  not  vary  in  their  ratio  to  one  another.  It  having  been 
proved  previously  that  tbe  pulse-rate  does  not  depend  on  the  blood 
presaare,  and,  as  shown  now,  the  length  of  the  first  part  of  the  hearts 
beat  not  varying  when  tbe  pulse  length  is  constant,  it  is  evident  that 
the  length  of  the  first  part  of  the  pnlse-beat  does  not  depend  on  the 
blood  pressure  in  any  way. 

Again,  the  first  part  of  tbe  pulse-beat  is  compound,  for  it  is  the 
interval  between  the  commencement  of  the  cardiac  or  ventricular 
systole  and  the  closure  of  the  semiluoar  valves ;  therefore  it  umj  be 
divided  into  the  systole  and  the  valve-closure  interval. 

Physiologists  have  laid  very  little  stress  on  this  valve-closure 
interval,  it  generally  being  considered  as  instantaneous.  But  in  the 
study  of  cardiograph  tracings  it  is  to  be  remembered  that  the  dia- 
Pago  20.  tancea  between  events  occurriug  within  one-fiftieth  of  a  second  of  one 
another  can  be  appreciated  without  much  difficulty,  and  there  is  every 
a  priori  reason  for  believing  that  this  interval  has  a  longer  duration 
than  that*  In  my  paper  on  the  cardiograph  trace,  reasons  have  been 
given  for  the  belief  that  in  quick  pulses  the  commencement  and  ihb 
end  of  this  valve -closure  interval  are  indicated  by  separate  and  distinol 
changes  of  direction  in  the  curve,  and  its  length  as  obtained  by 
measuring  from  these  points  agrees  entirely  with  that  required  from 
arguments  to  be  mentioned  further  on.     It  may  be  called  the  dina^iong^ 
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rite  for  the  auricularj  and  was  »o  \ed  to  the  cotietuBion  that  the  length  of  the 
i&tmm^  depended  in  sdiuo  meaaun?  on  the  poeiilion  of  the  body,  Tlu0  M  tneiCKriwI^ 
M  suhi«quent  mca^uremeDtd  show  m«,  Aud  the  li^agth  of  the  first  port  doo*  not  rmtj 
with  the  po«ition  of  th«  bodj  ;  the  proper_equAtloD  far  linding  the  cwdiac  fint 
under  all  oircum»tanci»  being  ^  *  3&0  ^£. 

•  Smpra,  p.  la 

t  Supra,  p.  32. 
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that  is,  the  period  during  which  the  heart  is  being  opened  out  by  tbo 
regurgitation  of  blood  from  the  arteries. 

The  length  of  the  combined  systole  and  diaspasis  not  depending  at 
all  on  the  pressure,  and  it  being  constant  for  any  pulse-rate,  it  is 
iufinitely  probable  that  the  systole  and  diaspasis  separately  are  inde- 
pendent of  the  pressure,  and  this  is  extremely  in  teres  ting^  as  it  gives 
a  further  insight  into  the  mechanism  of  the  heart*  For,  in  order  that 
the  duration  of  the  diaspasis  should  not  vary  with  different  blood 
pressures,  it  is  evident  that  with  higher  pressures  there  must  l>e 
greater  obstruction  to  the  heartward  flow  of  blood,  otherwise  the 
valves  %vould  then  close  more  quickly.  And  this  is  exactly  what 
would  be  expected  from  the  comhioation  of  Mr.  Bryan's  observations 
concerning  the  shape  of  the  heart,  and  Briicke's  theory  of  the  active 
diaatole  of  the  ventricles.*  According  to  the  lattor  author  the  cardiac  Pago  21. 
muscular  tissue  has  no  inherent  power  of  opening  out  the  ventricles, 
but  remains  inactive  after  systole,  during  diaspasis  in  fact,  until  the 
regurgitation  from  the  aorta  has  closed  the  aortic  valves  and  so  nn- 
ooTered  the  orifices  of  the  coronary  arteries,  immediately  upon  which 
the  resulting  sudden  tnrgescenco  of  the  heart's  walls  makes  them  open 
up.  Mr.  Bryan  has  shown  that  during  systole  the  whole  heart  alters 
its  position  as  a  result  of  its  change  in  shape  during  contraction,  and 
recovers  it  during  diastole  j  therefore  the  greater  the  force  of  contrac- 
tion the  more  will  it  alter  its  shape,  and  the  more  difficult  will  it  he 
for  it  to  resume  the  original  one,  which  haa  to  be  done  partly  by  the 
regurgitating  arterial  blood  ;  but  the  greater  the  blood  press  a  re,  the 
greater  will  bo  the  facility  for  overcoming  this  greater  work,  which 
two,  as  must  be  the  case,  vary  together.  This  argument  explains  how 
the  diaspasis  need  not  vary  in  lengtli  with  different  blood  pressures. 

Next,  with  regard  to  the  systole.  As  the  first  part  of  the  heart's 
beat  varies  as  the  square  root  of  the  length  of  the  beat,  and  as  the 
diaspasis,  a  part  of  that  first  part,  does  not  vary  with  the  blood  pres- 
fure,  upon  which  alone  it  can  depend,  it  is  necessary  that  the  other 
component  of  that  interval  must  vary  more  than  as  the  square  root  of 
the  pulse  length.  And  to  find  how  much  more  quickly,  it  is  necessary 
to  obtain  the  actual  length  of  diaspasis*  Careful  measurements  of  a 
cardiograph  trace,  beating  102  in  a  minntet  give  the  ratio  of  the 
systole  to  the  whole  beat  as  1  to  3'1915,  and  that  of  the  first  part  to  Pag©  22, 
the  whole  beat  as  1  to  2*0,  which  leaves  the  ratio  of  the  diaspasis  to 
ihe  beat  as  *1B7  to  1,  or  the  diaspasis  length  as  "0O183  of  a  minute. 
A  similar  length  of  diaspasis  is  found  from  quicker  pulses. 

•  Mr,  Bryants  paper  ia  in  tlie  "  Lancet,"  Feb,  8th,  1834. 

Brueke'ft  theorj'  ttppcared  in  "  Sitiiungsbmcbt©  der  Wiener  Akad.  der  Wlss," 
1S54,  Vol,  XIY,  p,  S46»  A  pftper  on  the  same  aubjc'ct  by  rayself  will  h<^  found  in 
the  *'  Journal  of  Anatomj  and  Pbjmology;*  May,  1869.     {Suprd,  p.  3.) 
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The  g^at  interest  attaoliing  to  these  figures  is  that,  when  with  the 
diaspafiis  equal  to  '00183  of  a  minnto,  the  ratio  of  the  Bjstole  to  tbo 
diastole  is  enquired  into^  it  is  found  that  there  is  a  very  simple  relft^ 
tion  between  them,  and  that  after  subtracting  this  diaspasis  of  con- 
fetant  lengths  there  remains  the  systolic  varying  as  the  square  root  of 
the  diastolic  period,  and  with  no  other  diastolic  length  ia  bo  simple  » 
ratio  obtainable,  which  is  all- important,  because  it  will  be  seen  that 
the  systole  must  depend  directly  on  the  pi'evious  diastole. 

Next,  considering  the  systole  itself ;  the  fact  above  demonstrated, 
that  its  length  does  not  depend  on  the  blood  pressure,  is  extremely 
important,  and  can  only  bo  explained  by  assuming  that  wbeo  the 
pressure  rises,  the  circulation  thi-ough  the  coronary  vessels  increases 
to  a  sufficient  extent  tt>  enable  the  heart  to  get  through  the  extra  work 
it  has  to  perform  without  altering  the  duration  of  its  action,  or,  in 
more  precise  terms^  the  nutrition  of  the  walla  of  the  heart  must  vaiy 
dirertly  as  the  blood  pressure  in  the  aorta. 

But  the  systolic  length  varies  bs  the  square  root  of  the  diastolic, 
in  other  words,  the  longer  the  time  of  nutrition  of  the  heart,  the 
longer  the  systole.  This  at  first  sight  seems  an  anomaly,  but  the 
Page  23.  theory  that  the  pulse-rate  depends  on  the  fall  in  tension  only,  preeonta 
a  most  complete  explanation,  and  so  throws  great  light  on  cardiac 
action  in  generaL 

Consider  the  heart  as  a  pump  working  against  a  certain  pressare, 
and  filing  an  elastic  reservoir  with  a  certain  resistance  to  the  outHow 
of  its  contenta.  Varying  the  presfturo  has  been  aho^^i  to  have  no 
effect  on  the  lengths  of  the  different  parts  of  the  pulsation  for  the 
reasons  gi  v^en  above ;  and  it  has  next  to  be  considered  how  it  is  that 
varying  the  resistance  changes  the  lengths  of  the  elements  of  the 
revolution.  This  pump,  directly  its  muscular  fibi<es  begin  to  contract, 
exerts  its  full  pressure,  for  there  is  nothing  to  prevent  it  doing  so. 
But  during  the  previous  diastole  it  was  supplied  by  blood  at  a  certain 
deOnite  pressure  and  for  a  deBnite  time,  both  of  which  factors  limit 
the  force  of  the  systole.  Consequently,  the  ventricles  produce  directly 
their  full  systolic  pressure^  and  maintain  that  pressure  untU  they  are 
empty.  But  it  is  evident  that  the  time  necessary  for  emptying  them 
of  a  deQnit^  amount  of  blood  under  these  conditions  must  depend  on 
the  rjipidity  of  the  How  fmm  the  capillaries,  for  when  the  flow  is 
halved  the  systolic  time  must  be  doubled,  if  no  other  force  come  into 
play  ;  in  other  words  the  length  of  cardiac  systole  is  a  function  of  the 
arterial  resistance ;  and  the  pulse- rate  has  also  been  shown  to  be  a 
function  of  the  same,  upon  the  fall  of  tension  theory. 

It  has  been  proved  that  the  systole  Taries  as  the  sqnare  root  of  the 
diastole,  not  directly  with  it,  as  might  be  supposed.  This  clearly 
shows  that  the  time  of  diastole  influences  the  length  of  the  systole 
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and  shortens  it,  in  othor  words,  strengthens  the  hearty  according  to  Pi^o  24, 
the  law  that  may  be  stated  thus  :  the  nntrition  of  the  heart  varies  aa 
the  aqoare  root  of  the  time  during  which  the  coronary  circulation  is 
maintained. 

It  will  strike  some  as  peculiar  that  no  mention  has  yet  been  nmde 
of  the  infinence  of  the  nervous  system  on  the  heart.  But  it  appears 
to  me  that  the  facta  which  have  been  brought  forward  have  not  called 
for  any  special  reference  to  it.  May  not  the  law  it  has  been  my 
end^Tonr  to  prove,  be  but  an  expression  of  that  action  in  the  healthy 
body  ?  For  it  must  depend  on  a  somewhat  complicated  mechanism^ 
is  shown  by  the  fact  that  it  is  almost  impossible  to  contrive  a 
self-acting  engine  which  would  pulsate  in  accordance  with  ita  require-^ 
ments, 

Aa  is  well  known,  the  effect  on  the  kymographion  trace  of  slightly 
stiniulatLng  the  pnetimogastric  nerves  is  greatly  to  amplify  the  osciU 
lations,  and  at  the  same  time  to  lower  the  mean  pressure ;  while 
cutting  the  pneumogas tries  pruduces  the  reverse  eflFecta.  The  larger 
oscillations  of  the  heemadynamometer  column  in  the  former  case  show 
that  the  proportionate  tension  fall  and  the  time  of  pulsation  are  both 
greatly  increased,  and  from  previous  considerations  it  is  evident  that 
these  are  necessarily  associated  when,  as  now,  no  induence  is  being 

erted  on  the  peripheral  vessels.* 
Further,   these  amplified  oscillations  must  be  attended   with   an  Page  25. 
abnormal  enlargement  of  the  ventricular  cavities  during  diastole,  for 

e  time  intervening  between  the  beats  being  increased,  the  amount 
if  blood  which  flows  thi'oagh  all  segments  of  the  circulation  between 

ly  two  pulsations  must  be  also  more  considerable.  Having  arrived 
BQ  far,  it  is  extremely  interesting  to  observe  how  an  augmentation  in 
the  degree  of  cardiac  dilatation  during  diastol*?,  as  a  cause,  will  include 
and  correlate  all  the  peculiarities  which  are  observed  when  the  depres- 
sor nerve  is  thus  operated  on ;  and  it  is  not  unreasonable,  therefore, 
to  suppose  that  this  is  the  direct  effect  of  its  action.  As  the  quantity 
of  blood  contained  in  the  heart  at  the  end  of  diiLstole  has  been  shown 
to  depend  on  the  circulation  thi*otigh  the  coronary  vessels,  it  is  evi- 
dent that  the  explanation  of  any  variations  in  the  capacity  of  the 
Tentricles  must  be  referred  to  changes  in  the  cainliac  walls  themselves* 
Just  as  the  degree  of  rigidity  of  an  indifi-rubber  tube  through  which 
a  current  of  water  is  flowing,  can  be  made  to  vary  by  changing  the 
diameter  of  the  orifice  from  which  the  fluid  is  allowed  to  escape,  so 
the  turgescence  of  the  ventricular  walls,  or  what  is  the  same  thing, 


In  mbbiU  the  normal  fall  of  tonsion  aa  judged  fey  the  haemacijnamomot^r  traoo 
t  ^ih  of  the  whole,  while  when  the  pneiimogaitnc  is  etimukted  it  may 
increiiM  to  V^th  or  more. 
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the  amount  of  active  diastole  of  the  hoart,  cae  be  altered,  by  varying 
the  diameter  of  t!ie  small  artenes  of  the  coronary  syetetn,  their  ooa* 
traction  producing  a  greater,  and  their  dilatation  by  facilitating  the 
flow  of  blood  through  the  capillaries  a  less,  degree  of  diastolic  eulargt^ 
ment  of  the  ventricular  cavities. 
Page  20.  From  the  above  argument^  therefore,  the  amplified  range  of  preB* 
enre  and  time  depending  on  change  in  heart  capacity,  and  the  change 
in  capacity  being  caused  by  modification  in  the  calibre  of  the  smaller 
coronary  arteries,  it  is  almost  a  logical  necessity  that  the  fnuction  of 
the  pneumogaBtric  nerve  ie  to  regnlate  the  degree  of  tonicity  of  those 
vessels,  and  Dr.  Brown  Seqnard,  from  entirely  different  facts,  has  also 
pnbUshed  it  aa  his  belief  that  the  pneamoga^^trica  contain  iibree  which 
contract  the  small  coronary  vessels.* 

It  will  bo  noticed  that  thronghout  this  paper  it  has  been  aesamed 
that  the  systole  never  recommences  until  the  ventricnlar  cavities  lire 
completely  filled,  that  is,  nntil  a  pressure  equilibrium  has  been  arrived 
at  in  the  interior  of  the  heart.  Perhaps  it  is  the  absence  of  pressure 
which  admits  of  the  heart  recent ractiug,  but  this  is  a  doubtful  point, 
and  until  more  is  known  as  to  the  meehaniBm  of  muscular  action  in 
general^  it  is  probable  that  the  qnestion  as  to  the  reason  why  the  heart 
recommences  to  beat  at  a  particular  moment  will  remain  unsettled. 
Sir  J.  Paget ,t  when  he  pointed  ont  the  relation  of  rhythmic  nntrition 
to  rhythmic  action  of  nerves  and  muscles,  laid  the  foundation  for  a 
scientific  treatment  of  the  subject^  and  the  law  which  it  has  been  my 
endeavoar  to  substantiate,  is  only  a  precise  method  of  expressing  that 
relation. 
Tagd  27,  Tbe  following  summary  of  the  main  features  in  the  circulation^  80 
they  appear  to  me,  may  assist  in  explaining  some  of  the  prerioas 
arguments. 

The  circulation  of  the  blood  is  maintained  by  the  repeated  con- 
traction of  the  heart.  Each  cardiac  revolution  is  divided  into  three 
parts,  the  systolef  the  diaspasiSf  and  the  diastole.  The  following  Uws 
hold  with  regard  to  the  length  of  these  intervals. 

1.  The  systole  together  with  the  diaspaais,  or  in  other  words,  tbi 
first  cardiac  inter^'^al,  varies  as  the  8qaai*e  root  of  the  whole  involution. 

I  J.  The  sj^stole  varies  as  the  square  root  of  the  diastole. 

III.  The  diaspasia  varies  very  slightly  with  different  polse-raies. 

The  amount  of  work  that  the  heart  has  to  perform  in  niaintaimng 
the  circulation  depends  on  two  sets  of  changes  which  may  occur  in 
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•  See  "  Principles  of  Human  Physiology/*     By  Dr.  Carpenter^  186^,  p. 
Foot<not«. 

t  '*  Croomui  Loctinw."    Eojid  S«M!U»ty,  1867* 


THE  FREQUENCY  OF  THE  PULSE.  61 

the  BjBtem;  1.  Yariatioiis  in  the  blood  pressnre.     2.  Variations  in  the 
resistance  to  the  outflow  of  that  fluid  from  the  arteries. 

As  the  capacity  of  the  arteries,  including  the  ventricles,  varies 
directly  as  the  blood  pressure,  and  as  the  flow  of  blood  from  the  capil- 
laries does  the  same,  the  frequency  of  the  heart's  beats  is  dependent 
on  the  resistance  to  the  capillary  outflow,  and  not  at  all  on  the  blood 
pressure  ;  in  other  words,  the  heart  always  recommences  to  beat  when 
the  blood  pressure  in  the  systemic  arteries  has  fallen  a  certain  inva- 
riable proportion. 

Variations  in  blood  pressure  result  from  :  1.  Absorption  into,  and 
excretion  from,  the  vascular  system  of  fluids.  2.  Changes  in  the 
capacity  of  the  arterial  system,  which  occur  on  the  contraction  or 
relaxation  of  the  muscular  arteries.  3.  Changes  in  the  amount  of  Page  2a 
available  blood,  which  result  from  the  hsBmastatic  dilatation  of  some 
of  the  yielding  vessels  on  altering  the  position  of  the  body.  As 
changes  in  the  first  of  these  cannot  be  very  sudden,  and  those  in  the 
latter  are  never  very  considerable,  the  mean  blood  pressure  in  health 
varies  but  little  during  short  intervals. 

Variations  in  peripheral  resistance  result  from :  1.  Different  de- 
grees of  tonicity  or  patency  of  the  muscular  arteries.  2.  Different 
resistances  in  the  venous  system.  The  former  may  occur  indepeiv- 
dently  in  one  or  other  system  of  vessels,  as  the  cutaneous  or  the 
alimentary ;  also  mechanically  from  pressure  on  a  part  of  the  body. 
The  latter  are  insignificant  in  health. 

The  heart  depends  for  its  power  of  doing  work  on  chemical  pro- 
perties in  the  blood  it  pumps  into  the  systemic  vessels,  and  as  the 
blood  reaches  it  direct  from  those  vessels,  the  cardiac  intramural 
circulation  varies  with  the  changes  in  the  former ;  and  the  length  of 
the  systole  varying  only  as  the  square  root  of  the  time  of  diastole,  the 
degree  of  cardiac  nutrition  varies  directly  as  the  systemic  blood  pres- 
sure, and  as  the  square  root  of  the  diastolic  time.  The  coronary 
arteries  supplying  the  whole  heart,  the  work  done  by  the  right 
ventricle  is  governed  by  that  done  in  the  left ;  thus  the  supply  of 
blood  in  the  left  auricle  is  always  rendered  sufficient  for  the  require- 
ments of  the  systemic  circulation ;  though,  as  there  is  no  reason  for 
believing  that  the  resistance  in  the  pulmonary  vessels  varies  with  that 
of  the  systemic,  there  must  bo  some  peculiarities  in  the  former  circu-  Page  29. 
lation  (which  may  explain  the  variations  in  the  ratio  of  the  number  of 
pulse-beats  to  respirations,  in  some  cases). 

The  auricular  contraction  is  a  very  small  force,  and  its  function  is 
most  probably  to  close  the  tricuspid  and  mitral  valves. 

The  heart  commencing  its  systole  as  a  whole,  it  is  highly  probable 
that   the  impulse  for  action  is  given  by  a  force  which  affects  both 
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ventricles ;  such  is  fonnd  in  the  coronaiy  circnlation  and  the  active 
diastole  prodnoed  by  means  of  it. 

In  conclnsion  I  have  to  present  my  best  thanks  to  Dr.  Michael 
Foster,  Professor  Sanderson,  and  Professor  Pritchard  of  the  Boyal 
Veterinary  College,  for  the  opportunities  they  have  afforded  me  in 
trying  the  experiments  above  detailed;  withont  their  assistance  it 
would  have  been  impossible  for  me  to  have  put  the  law  of  the  lelatioii 
of  blood  pressure  to  pulse  frequency  on  any  satis&ctory  ] 

Jtme  lOa,  1872. 
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PartL 

It  is  to  the  bappj  conception  of  Marey's,  in  -which  he  obtained  correct 
amplification  of  sndden  small  movements  by  employing  the  elastic 
force  of  a  spring  rather  than  the  statical  pressure  of  weights,  that  we 
owe  the  form  of  Sphymography,  now  well  known  to  most  students  of 
physiology ;  and  the  introduction  of  this  fresh  method  of  research  has 
given  a  stimulus  to  the  progress  of  precise  thought  respecting  the  cir- 
culation  of  the  blood  and  the  action  of  the  heart,  which  must  neces- 
sarily prove  of  extreme  value  in  the  investigation  of  pathological 
concUtions,  now  quite  beyond  our  grasp. 

Marey's  original  instrument,  as  constructed  by  Breguet,  is  so  well 
known,  and  so  many  excellent  descriptions  are  accessible,t  that  it  is 
not  neoessary  to  go  into  detail  regarding  it.  In  most  respects  it  is 
the  best  form  that  has  been  introduced,  and  much  credit  is  due  to 
M.  Breguet  for  the  excellence  of  the  mechanical  construction.  This 
maker  has  lately  introduced  a  second  instrument,  which  has  the  advan- 
tage of  removing  the  chief  defects  of  the  original  one,  and  of  intro- 
ducing very  little  intrinsic  error. 

The  chief  objection  to  the  old,  or  knife-edge  construction,  as  it 
may  be  called,  from  the  fact  that  the  recording  lever  is  connected  with 
the  pulse  pad  by  means  of  a  sharp  steel  edge,  depends  on  the  necessary 
sliding  of  that  knife-edge  on  the  steel  sarface  below  the  recording 
lever,  by  which  means  the  distance  between  the  axis  of  rotation  of  the 
lever  and  the  point  of  contact  of  the  knife-edge  must  vary  with  every 
movement  of  the  former ;  the  accompanying  diagram  shows  how  this  is 
the  case  for  two  different  heights  of  the  lever. 

In  consequence  of  this  imperfection,  two  traces  taken,  one  near  the 
top,  and  the  other  lower  down  on  the  recording  paper,  present  cha-  Page  400. 
racteristics  which  are  in  many  i*espects  different,  and  whose  differences 
arise  solely  from  the  sliding  above  mentioned.  The  lever  in  the  upper 
trace  falls  less  rapidly  than  in  the  lower,  as  the  knife-edge  has  to  slide 
over  a  much  larger  surface  in  the  former  than  in  the  latter,  where  it 
scarcely  moves  at  all.  As  a  result  of  this,  the  length  of  the  first  part 
of  the  higher  trace  is  apparently  greater  than  it  ought  to  be. 

•  Part  I,  "  Journal  of  Anatomy  and  Physiology,"  VI.  pp.  899-404.  May,  1872. 
Part  n,  1.0.  Vn.  pp.  98-105.  Nov.  1872. 

t  Marey,  "  Pbysiologie  m^dicale  de  la  Circulation  du  Sang,''  Paris,  1863  ;  B.  F. 
Foster,  M.D.,  "  On  the  use  of  the  Sphygmograph  in  the  Investigation  of  Disease/' 
1866 ;  J.  Burdon  Sanderson,  M.D.,  F.B.S.,  "  Handbook  of  the  Sphygmograph/' 
1867 ;  and  others. 
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Another  objection  ifi»  that  thore  ia  no  firm  connection  between  the 
pulBe-apring  and  the  recording  lever,  bo  that  when  the  latter  is  sud- 
denly raised,  as  by  the  systolic  impulse,  the  contacts  of  the  lever,  inicr> 
mediate  brasswork,  and  pulse-spring,  are  not  maintained,  and  a  "  por- 
cnasion-rise  **  is  seen  in  the  trace.  This  error  is  partly  obviated  by  a 
small  spring,  which  presses  on  the  recording  lever,  and  tends  to  keep 
it  in  contact  with  the  other  moving  parts,  though  this  is  omitted  by 
some,  much  to  the  detriment  of  tbo  instmraent. 

Though  in  the  taking  of  the  trace  itself,  this  absence  of  oonneo- 
tion  between  the  lever  and  pulse-spring  is  disadvantageous,  yet  in  the 
applying  and  removing  of  the  instrument  it  is  of  extreme  value,  for  it 
allows  of  any  amount  of  pressure  being  put  on  the  latter,  without  pro- 
ducing any  strain  or  injurioTiB  effect  on  the  former.  In  practice  this 
quality  is  invaluable,  and  it  is  almost  impossible  to  obtain  it  in  any 
const  ruction  other  than  the  one  under  consideration, 

Breguet*8  new  sphygmograph  is  very  simple  and  ingenious  in  prin- 
ciple, and  in  practice  works  admirably.  As  to  the  older  instnunenti 
the  recording  lever  is  fixed  to  the  body  of  the  apparatus  bj  an  iixis  or 
arbor,  but  the  novelty  consists  in  the  manner  in  which  tliis  is  brought 
into  connection  with  the  pulse-spring. 

The  lever  is  of  the  third  kind,  as  in  the  other  instrument,  but  it 
has  no  steel  surface  below  it  for  a  knife-edge  to  play  on»  and  it  ifl^ 
when  not  in  use,  entirely  disconnected  from  the  pulse-spring. 

Fig.  2. 
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Near  the  middle  of  the  arbor  there  is  a  amaU  circular  ring  of  bnm^ 
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surronnding  it,  wliicli  has  a  diameter  of  about  one-sixtli  of  an  inch. 
On  its  outer  aarface  tliis  ring  is  grooved  and  an  endless  screw  is  cut  in 
this  groove. 

There  is  no  hrasswork  attached  to  the  pulse-spring  corresponding 
to  that  in  the  older  instrument.  In  ite  stead  a  long  flat  slip  of  hi*ass, 
fixed  ahont  two-thii-ds  the  length  of  that  spring  from  its  attached  end, 
extends  onwards  over  the  ivory  pad-  Just  above  this  pad  u.  Mtecl  screw 
abont  an  inch  long,  with  a  mlJled-he^  at  one  end,  is  fixed  at  the  other 
to  the  nnattached  extremity  of  the  piece  of  brass  just  mentioned,  by 
a  hinge,  and  is  bo  arranged  that  by  means  of  the  pnlse- spring  it  is 
retained  either  at  right  angles  to  it,  or  lying  along  it,  on  the  same 
principle  that  an  ordinary  knife*blade  can  be  fixed  half  open  or  closed. 

This  long  screw,  when  at  right  angles  or  nearly  bo,  to  the  spring, 
comes  in  contact  with  the  endless  screw  cut  in  the  brass  ring  surround- 
ing the  arbor,  and  as  they  are  of  corresponding  size,  they  bite  and  are 
retained  in  contact  by  the  paJse-spring  pressing  on  the  fixed  end  of  the 
screw,  which  is  squared  oflt  in  sucli  a  manner  that  it  shall  continue  to 
preaa  slightly  backwards  when  in  contact  with  the  ring.  It  is  evident 
from  this  construction  that  any  up  or  down  movement  commnnicated 
to  the  pulse-pad,  produces  a  oorrea ponding  rise  or  fall  in  the  recording 
lever.  When  not  in  action  the  long  screw  can  be  thrown  out  of  gear,  Page  402* 
Sown  on  the  spring,  as  seen  in  Fig,  2,  and  it  has  also  a  movement 
ivhich  allows  of  its  being  turned  round,  which  can  be  employed  as  a 
fine  adjustment  in  regulating  tlie  height  of  the  lever  point. 

In  this  instrument  the  distance  between  the  axis  of  rotation  of  the 
arbor  and  the  part  of  the  long  screw  which  is  in  contact  with  the  ring 
gnrrounding  it,  cannot  vary,  whatever  the  distance  of  the  pulse-pad, 
and  therefore  no  error  is  introdnced  in  that  direction.  Also  the  diffi- 
culty in  disconnecting  the  spring  fT>om  the  axis,  after  the  trace  has 
been  taken,  is  very  slight ;  though  it  requires  some  littJc  practice  to  do 
this,  before  removing  the  instrument  from  the  wrist,  as  it  always 
ahonld  be. 

This,  the  rackwork  sphygmograph,  will  probably  supersede  the 
knife-edge  one  by  degrees,  for  the  tracings  are  more  uniform,  and  in 
other  respects  quite  as  good  as  thoBc  obtained  by  the  earlier  instrument. 
For  cardiograms  it  is  not  so  advantageous. 

With  regard  to  the  best  means  of  binding  tbe  sphygmograph  on 

the  arm,  the  original  method  adopted  by  Marey,  of  lacing  it  with  a 

silk  ribbon  to  the  side-lappets,  is  as  efficient  as  any.     The  wrist  should 

be  always  bent  a  little  backwards,  and  care  should  be  taken  that  the 

pad  presses  on  the  lower  end  of  tlie  radial  artery,  not  on  the  super- 

isficialia  volae,  as  is  apt  to  occur  if  it  is  fixed  too  far  forwards.     The  pad 

atroduced  by  Mr.  Berkeley  Hill  enables  the  correct  position  of  the 

"hand  to  be  maintained  with  facility,  but  it  is  scarcely  neceseary,  as  a 
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little  pmctice  removea  all  difficulty.  It  is  worthy  of  notioe  that  better 
traceB  can  be  obtained  after  the  inBtrnment  has  beem  applied  a  few 

minutes  than  immediately ;  for  the  pad,  by  its  pressure  on  the  akm, 
drives  blood  from  the  small  vessels  covering  the  artery,  and  ao  leBsens 
the  distance  between  it  and  the  pulse-spring* 

To  record  the  movements  of  the  lever,  it  is  best  to  employ  highly 
glazed  paper  which  has  been  smoked  thinly  by  the  flame  of  a  compo- 
site candle ;  and  to  e^ect  this  properly,  the  paper  must  be  folded  on 
the  metal  plate,  which  is  connected  with  the  running  gear  of  the 
sphygmograph,  and  moved  qnickly  up  and  down  in  the  flame.  By 
Page  403.  ti^ig  means  its  edges  are  not  charred,  and  a  more  uniform  film  ia  pro- 
duced. The  pen  mnst  have  a  fine  sharp  points  A  spirit  varnish,  such 
aa  IB  nsed  for  photographic  plates,  fixes  the  tracings,  if  a  HttLe  is 
poured  over  them  gently,  and  the  paper  is  subsequently  warmed. 

An  entirely  novel  form  of  sphygmograph  has  been  constmcted  by 
M.  Longuet^*  which,  from  a  figure  in  Dr,  Loraine's  work,  appears  to 
possess  all  the  requirements  of  an  accurate  instrument,  except  in  the 
recording  portion,  where  the  pen,  instead  of  writing  laterally,  aa  it 
might  easily  be  made  to  do,  rests  on  the  paper  horizontally,  and  has 
to  change  its  relation  to  the  body  of  the  instrument  whenever  the  pnlao^ 
pad  moves  in  the  least.  In  principle  its  construction  is  in  a  greal 
measure  similar  to  that  of  the  cardiograph  in  my  combined  cardio- 
sphygmograph,  which  was  described  in  this  Journal  in  May,  1871.t  It 
has  a  dynamometer  attached,  which  measnres  the  prosaure  and  its 
changes  throughout  the  beat. 

One  of  the  points  in  which  Harey  improved  upon  Vierordt*8  original 
sphygmograph  was,  that  he  made  bis  lever  write  laterally  instead  of 
at  its  tip,  by  which  means  he  obviated  all  difficulties  connected  with  an 
exact  up  and  down  movement  of  the  recording  pen.  But  this  gives 
rise  to  another  slight  error,  which  can  and  must  be  corrected  in  com- 
paring the  length  of  the  elements  of  the  pnlse-beat.  The  lever,  when 
the  clockwork  is  stationary,  traces  a  curved  line  and  not  a  stmighi 
one,  the  curve  being  part  of  a  circle,  of  which  the  lever  is  the  radius, 
and  its  arbor  the  centre.  Therefore,  when  the  watchwork  is  in  action^ 
the  horizontal  relation  of  points  at  diflerent  heights  on  the  recording 
paper  is  not  truly  represented  by  straight  lines,  drawn  perpendicular 
to  the  length  of  the  paper^  but  by  lines  projected  from  these  points  in 
curves  parallel  to  that  produced  by  the  lever  on  the  paper  when  it  ii 
stationary*  These  lines  can  be  easily  formed  after  the  tracing  has  been 
removed  from  the  apparatus,  by  scratching  on  it  with  a  needle  that  ii 
tied  to  a  nail,  or  a  piece  of  board  with  two  pieces  of  cotton  of  ths 
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length  ot  the  recording  lever,  one  to  ita  oje,  and  the  other  near  its 
point,  if  the  tracing  he  fixed  with  its  lower  edge  in  the  same  straight 
lino  as  the  nail ;  for  then  the  paper  and  nail  bear  the  same  relation  to  Pftg©  404v 
one  another  that  the  forraer  did  to  the  arbor  of  the  lever  when  it  was 
Iseing  recorded. 

Dr.  Sanderson,*  Mr.  Mahomed.t  and  others  have  introdnced  differ- 
ent ingeniona  methods  for  regulating  and  measnring  tbe  pi'essnre 
applied  on  the  artery,  which  they  have  described  in  fnll  in  their  books 
and  papers  on  the  snbject;  bnt  the  desired  results  can  be  only  approxi- 
mate, as  from  variations  in  the  elasticity  of  the  skin  in  different 
individuals  and  in  the  same  individual  under  different  atmospheric 
conditions,  complications  are  introduced  which  cannot  be  eliminated. 

The  Bphygmograph  is  a  bad  baemadynamometer  at  its  best,  and  aa 
such  its  employment  will  probably  diminish.  A  glance  at  the  work  of 
Dr.  LoraineJ  will  show  that  numberless  variations  in  the  character  of 
a  tracing  can  be  introduced  by  very  small  changes  in  the  position,  Ac, 
of  the  subject  experimented  on.  But  there  is  one  part  of  the  trace 
which  is  not  affected  in  any  way  by  these  complicationSj  and  that  ia 
the  relation  borne  by  tbe  hmgth  of  the  different  portions  of  each  beat 
to  one  another.  Whether  the  arm  is  raised  or  lowered,  whether  the 
pressure  is  great  or  small,  the  interval  between  the  systolic  rise  and 
the  commencement  of  the  diastolic  rise  does  not  vary  in  the  least. 
These  intervals  cannot  be  correctly  estimated,  except  by  the  aid  of  the 
ephygmograph  •  and  as  the  va!ne  of  any  method  of  investigation  ia 
greatest  in  that  direction  in  which  it  ia  least  inSuenced  by  surround- 
ing eircttmstances^  it  is,  as  it  will  be  my  endeavour  to  prove  when 
considering  the  tracings  themselves,  for  the  measurement  of  these 
intervala  that  we  must  look  for  the  future  valne  of  the  sphygmograph. 
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Ik  endeavouring  to  form  a  correct  estimate  of  the  significance  of  the  T&ge  98. 
>riou8  details  of  the  sphygmograph  trace^  it  wiU  be  necessary  to 
ter  somewhat  minutely  into  tlie  consideration  of  each  of  the  several 
mntnally  related  forces  which,  by  their  combined  action,  produce  tbe 
resulting  curve.  As  some  of  these  forces  are  but  little  understood,  it 
is  clear  that  any  attempt  to  explain  the  pulse  movements  by  argu- 
ts  deduced  from  tracings  obtained  from  a  **  schema  '*  of  the  circu- 
can  only  be  of  value,  as  far  as  they  relate  to  forces  acting  on 


•  Zoe,  cii. 
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the  ''schema*'  which  are  strictly  comparable  with  similar  forces  at 
work  ill  the  human  body.  This  oonsideration  has  prevented  mj 
basing  any  dednctionB  on  facts  derived  otherwise  than  from  the 
animal  body  itself. 

To  commence  with,  it  will  be  necessary  to  describe  the  tracfngi 
obtained  by  means  of  tho  **  Hroraadromograph  **  of  Chanvean.  Dr. 
Lort€t»  of  Iiyons,  has  g-iven  an  excellent  fignrc  and  description  of  thi» 
instmmcnt,*  which,  from  its  simplicity  and  efficiency,  is  a  perfect 
masterpiece  of  mechanical  design.  By  means  of  two  levers  it  indicates 
on  a  revolving  dmm  both  tho  modification  in  the  diameter  of  an 
artery  during  a  pulse-beat,  and  also  the  changes  in  the  velocity  of  the 
blood-carrent  at  the  same  spot,  simultaneously.  The  former  of  these 
results  is  obtained  by  the  use  of  an  ordinary  sphygmoscope,  an  inatm* 
ment  which  measures  indirectly  the  modiBcations  in  the  area  of  an 
artery ;  and  the  latter  by  a  long  lever  which,  at  its  attached  end,  after 
passing  through  a  slit  in  the  side  of  the  tube,  projects  a  short  dis- 
tance into  the  vessel,  which  allows  of  its  being  moved  backwards  and 
forwards  by  the  blood -current. 

The  accompanying  trace  (Fig.  1),  taken  with  this  instrument  from 
the  carotid  of  the  horse,  is  copied  from  Dr,  Marey's  work.f 


Pago  99. 


_]  A- 


Fig,  1.  Henmdromograph  traec  from  the  carotid  of  the  horse* 

a.  The  current  tnuv*,  in  which  the  horizontal  dotted  line  i»  the  «en>,  i 
no  current  in  cither  direction* 

^.  Tho  Bphj^^oflcope  traco. 

In  b«irh,  the  verticnl  hno  1  tnit«  the  curve  at  the  coTnni«Fnoemetit  of  ijvtole,  tlii 
line  3  at  tho  monient  of  closure  of  tho  oortic  ralre,  and  the  line  4  nfbeii  tli«  c«ntri- 
fugnl  current  reeominencea. 

'The  figure  reftdt  from  loft  to  right. 


•  *'  ReolnereheB  §iir  In  Titoise  du  Cours  du  Sang  dan*  left  Aii^re*  du  ChefiL** 
Tm  M.  L.  Lorict,  M.D.  "  Annates  dc«»  Scienees  Nat,,"  Tome  Til.  Zoologji<%  IBflT. 
Ad  (rarher  hut  verj  similar  inittruincni,  by  M.  Chaure&Ui  ia  described  in  Uarey'* 
**  Phjfiologie  Miklicnie  de  l&  Cireulation  du  Sang/'  1863^  p.  156. 

t  Loe.eit.,  p.  27a. 
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The  npper  curve  (a)  is  that  of  the  blood-current ;  ie  it  the  horizontal 
dotted  line  indicates  the  zero,  or  Hue  of  no  current  m  either  direction; 
all  above  shows  a  centrifugal  current,  and  all  below  a  heartward 
stream.  The  velocity  of  the  blood*s  movement  is  measured  by  the 
distance  of  the  point  which  is  under  consideration  from  tlie  ^ero  line 
in  the  trace.  The  lower  curve  is  fcbat  obtained  by  the  sphygmoscope, 
and  is  in  all  respects  strictly  comparable  with  an  ordinary  spbygmo- 
graph  tracing*  The  slightly  curved  vertical  lines  which  intersect 
both  tracings  are  drawn  by  the  levers  when  the  watcbwork  is  at  rest, 
and  the  points  where  similarly  situated  lines  intersect  the  puke  traces 
are  exactly  simultaneous,  to  indicate  which  tbey  are  drawn.  With 
regard  to  these  figures,  Marey  makes  the  following  observations : — 
I,  The  commencement  of  the  pulsation  coincides  with  the  produc- 
tion of  a  rapid  centrifugal  current.  II.  The  summit  of  the  pulsation 
ifl  not  reached  before  the  centrifugal  current  has  already  ceased. 
Ill,  At  the  instant  of  closure  of  the  sigmoid  valves,  a  retrograde 
current  is  flowing  in  the  carotid,  aa  inilicated  by  the  position  of  the 
curve,  which  at  that  moment  is  below  zero.  IV.  After  the  closure  of 
the  sigmoid  valves  a  frefih  centrifugal  current  originates^  which  consti- 
tutes the  secondary  pulsation — (di erotism).**  Dr.  Lortet  explains  the 
portion  of  the  upper  or  current- trace  which  ia  below  the  zei^o  lino,  by  Page  lOO. 

pposing  that  the  shock  of  cloBure  of  the  sigmoid  valves  is  sufiSciently 
great  to  produce  a  stretching  of  the  proximal  end  of  the  aorta  and  of 
the  valves  themselves,  which  results  in  a  retrograde  current  for  a  short 
time  in  the  l^'ge  arteries  after  the  valves  have  closed.    Marey *8  explsi- 
lation,  as  far  as  it  goes,  seems  much  more  satisfactory,  and  it  will  be        • 

.ry  to  discuss  it  more  fully.  Before  doing  so  the  precise  defini- 
ion  of  some  of  the  terms  employed  will  not  be  out  of  place.  The  main 
ise  in  the  sphygmograph  trace  may  be  termed  the  primary  rise,  and 
which  occurs  just  after  the  small  rise  and  fall  which  is  nearly 
ultaneons  with  the  sinking  of  the  current-trace  below  the  zero,  and 
hich  therefore  comraencea  with  the  secondary  centrifugal  current, 
py  be  termed  the  secoudajy  rise ;  it  is  almost  always  very  clearly 
dicated  in  sphygmograph  tracings  (c,  a,  Fig.  2).  The  interval  bo- 
these  two  rises  may  be  called  the  ffplnjgrfiosystole^  for  it  is  the 
time  during  which  the  systole  at  the  heart  influences  the  pulae-beat  j  Page  101. 
it  corresponds  to  the  first  part  of  the  pulse-beat  in  my  former  com- 
munications, and  it  must  be  remembered  that  it  is  not  synchronoos 
with  the  cardiac  systole,  as  I  have  endeavoured  to  show  elsewhere.* 

From  a  study  of  tracings  obtained  by  the  use  of  the  cardio-sphyg- 
mograph  I  have  demonsti-ated,  in  the  paper  just  referred  to,  that  in 


that 


•  ••  Proceeding!  of  the  Eoynl  Societj,**  1871,  p*  318,  H  teq,  (Supr^,  p.  32),  nod 
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Fig.  2.  SpliTgniograplx  tra^ingt,  all  taken  from  the  same  mdiTidual  in  hMlth* 
under  dilFerent  coDditioTifl^  to  ahow  the  eflTect  of  diiferenoe  in  pulie^rate  on  the  trmetk 
«.  FulAe-rate  44  in  a  minnto. 


p. 

63       ,, 

y- 

72      „ 

^. 

103       , 

e. 

137      ,, 

r. 

172      „ 

They  we  all  drawn  on  one  scale  and  read  from  Itfft  to  riglit. 

the  sphjginograpli  trace  of  alow  puIeeB  the  cloBnre  of  tlie  aortic  ralra 
occurs  when  the  lever  is  at  the  lowest  point  of  the  notch  that  is  nearly 
always  present  in  the  sphjgmosjetole,  which  is  also  clearly  seen  in 
the  lower  of  the  two  tracings  in  Fig.  1,  the  curved  line  3  cutting  it 
exactly  at  the  place  which  represents  the  moment  when  the  yalvo 
shuts.  Consef|Ucnt]yf  in  the  upper  trace,  the  line  3  must  also  cut  it 
at  the  same  timci  and  this  occurs  when  the  retrograde  current  is  at 
its  maximum,  as  would  be  expected,  the  valve  being  closed  by  the 
regurgitating  blood.  But  it  may  be  asked,  bow  is  it  that  the  biick- 
ward  current  between  the  lines  3  and  4  in  a.  Fig.  1,  is  associated  with 
a  rise  in  the  sphygmoscope  trace  ?  and  to  explain  this  clearly  it  will 
be  necessary  to  refer  to  some  of  tbe  elementary  principles  which 
operate  in  the  transmission  of  currents  through  elastic  tubes.  Firili 
it  can  be  demonstrated  that  inci^nse  in  the  diameter  of  an  artery  may 
originate  from  two  quite  independent  seta  of  causes,  one  being  the 
simple  result  of  the  heart  sending  more  blood  into  it  in  a  given  time 
tlinn  it  can  dispose  of,  the  other  being  a  shock- expansion,  oompambUi 
with  the  waves  of  condensation  and  rarefaction  in  the  air,  which  con- 
stitute Bound,     Most  of  the  important  elements  of  the  pulse- trace  are 
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referable  to  the  former  of  these  caoflea,  as  is  proved  by  the  general  simi- 

ty  between  the  two  cui'veB  at  and  3,  in  Fig.  1.    Bnt  when  there  are 

es  in  the  second,  which  are  qnite  independent  of  changes  in  the 

it,  they  mnst  evidently  be  the  result  of  some  andden  movement  in 

e  circulating  system,  originating  a  shock,  which  is  not  of  a  chai-acter 

affect  the  current  in  any  way.     It  is  but  reasonable  to  suppose  that 

ch  should  occur  as  a  result  of  the  closure  of  the  semilunar  valves, 

fcud  the  rise  and  fall  between  the  vertical  lines  3  and  4  in  the  lower  Fi^gc  102. 

e  (/3)  of  Fig.  1,  commencing  imnicdiately  on  theii*  closure,  and 
being  unconnected  with  any  current  changes,  can  be  nothing  else  than 
shock-wave^ 
At  first  sight  it  would  seem  probable  that  when  the  Bemilunar 
ves  had  closed,  the  retrograde  current  in  the  aorta  would  immedi- 
ily  cease ;  but  that  such  is  not  the  case  is  clearly  proved  by  the 
ntinuance  below  the  zero  line  of  the  current  curve  for  a  short  period 
ter  that  event  (between  the  lines  3  and  4  in  the  upper  trace).  It  is 
the  combined  operation  of  two  causes  in  the  same  direction  tliat 
is  result  is  produced.  First,  the  orifices  of  the  coronary  arteries 
being  quite  close  to  the  semilunar  valves,  it  is  evidently  necessary 
that  the  blood  which  enters  them  during  diastole  must  be  derived 
from  the  aorta,  and  so  tends  to  produce  in  it  a  retrograde  ourrent. 
ndly,  the  equilibrium  of  the  arterial  system  is  disturbed  during 
e  closure  of  the  aortic  valve,  for  immediately  the  systole  has  termi- 
natcd,  the  only  force  tending  to  prevent  the  blood  from  regurgitating 
into  the  heart  is  the  statical  resistance  of  the  ventricular  walls,  wliich 
at  that  moment  are  closely  approximatedi  causing  their  cavities  to  bo 
completely  obliterated.  This  reaistauce  is  clearly  much  less  consider- 
able than  that  offered  by  the  heart- walls  during  the  systole,  one  being 
a  statical  and  the  other  a  dynamical  condition ;  consequently  tbo 
rial  blood  rushes  back,  pushing  asunder  the  ventricular  walls, 
ind  in  so  doing  developing  a  suificiently  rapid  retrograde  current  bo 
close  the  semilunar  valves*  The  interval  thus  arisiug,  namely^  the 
time  between  the  end  of  systole  and  the  complete  closure  of  the  aortic 
valve,  I  have  called  the  dia^pasUi  in  a  pamphlet  on  '*  On  the  Law 
hich  Regulates  the  Frequency  of  the  Pulse/**  and  there  is  consider- 
ible  evidence  to  show  that  when  the  pulse-rate  does  not  vary  it  is  con- 
atant ;  alao  that  it  varies  very  slightly  with  different  frequencies  of 
,rt-action,  occupying  in  slow  pulses  about  0*002  and  in  quick  ones 
18  of  a  rainute.t     The  diaspasis  is  so  short  in  duration  that  it  has  Pago  103, 


KJCO] 
e  c 


Knd 


I     fltan 
^^ear 


p      •  Publidbod  bj  H.  TL  Lewis,  139,  Oower  Street,  London.     {Suprd,  p.  4€.) 

t  Id  mj  pamphlet  ou  **  The  Law  which  regulatea  the  Frequencj  of  the  PiiIao/' 
from  a  mialAke  on  my  own  part,  a  statement  ia  madi>  as  to  tlic  letigtU  of  the  diofipa- 
ttf,  which  u  incorrfict.    IkLathematical  friends  soon  informed  me  of  my  error,  e*, 
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termiiiaied  before  the  loss  of  blood  from  the  proximal  aorta  into  the 
heart  is  made  good  by'  anj  retardation  of  the  onward  cnrreni^  or  a  ■ 
rererso  fitream  in  the  more  distant  Teasels  originates ;  conaeqtientl j 
this  restoration  of  equiHbnnm  has  to  be  in  great  measure  effieoted  after 
the  yalves  hare  closed,  encroaching  on  the  diastole  to  form  the  second 
cardio-arterial  interval  of  the  cardio-sphjgmograph  trace,  which  does 
not  cease  nntfl  all  the  complications  attending  the  dosnre  of  the  semi- 
Innar  valyes  have  come  to  an  end,  wherenpon  the  again  augmenting 
eentrifngal  cnrrent,  or  in  very  low-tensioned  poises,  snch  as  thai 
figured  in  Fig.  1,  the  diminishing  centripetal  one,  originates  the 
secondary  rise  in  the  sphjgmosoope  trace. 

In  both  the  primary  and  secondary  rises  of  the  pnlse-beat  (Fig.  1), 
it  is  fonnd  on  inspection  that  the  summits  of  the  pulsations  (^)  are 
delayed  apon,  or  are  not  reached  so  soon  as  the  eentrifngal  cnrrent 
maxima  (a) ;  and  that  snch  should  be  the  case  is  essential,  in  a  ciren- 
Fage  104.  lation  maintained  by  an  intermittent  motor  organ,  which,  like  the 


wiusn  precisely  stated,  th«  problem  U  a  manifest  coatradiction.  In  p.  S3  the  diai|i#- 
iia  ii  diaeuitedr  and  in  the  sunimjiTj  ot  the  raetilta  aniTed  at,  in  p.  27,  the  IbUaviiif 
are  given  aa  the  rdadoiu  of  the  lengths  of  the  vanoua  elementa  of  the  pdbe  hiat  to 
one  another. 

1.  The  systole  togeUier  with  the  diasposis,  or  in  other  worda,  the  ftnt  ospliir 
interral  varies  as  the  square  root  of  the  whole  rerolution. 

2.  The  i^itole  tariee  aa  the  squate  root  of  the  diaatole. 
S.  Hie  diaspaiis  is  coostantv 
The  iiu^ompatihilit J  of  theee  three  statements  it  is  not  difficult  toprore,  forif 

the  first  and  second  are  true,  the  third  cannot  be  so,  and,  as  a  fact,  the  dia^iacis 
ja  not  ooiutant^  Hiere  is  erery  reason  to  belieTe  that  for  a  giren  pulae-fate  the 
dfiiipairis  does  not  rarj  ;  and,  on  subtracting  its  length,  as  obtatned  bj  meaeareaiiBi 
in  quick  cardiograph  tracings,  from  the  first  part  of  slow  ones,  I  found  that  the 
remainder,  the  srstobo  interral,  Taried  very  mearl^  as  the  square  root  of  the  diastotie. 
On  repeating  the  operation  on  the  pulse  of  intermediate  rapiditj  a  similar  result  was 
obtained,  and  the  cnror  being  extremiely  small,  I  attributed  it  to  mr  not  hating 
eztiaeted  the  neoessaiy  square  roots  to  a  sufficient  number  of  decimal  pUoes,  and 
thus  felt  justified  in  making  the  generalitatton  giren  abore.  Since  the  mistake  has 
been  pointed  out  to  mc  1  have  repeated  the  arithmetical  oomptttattOQi  mort  care- 
full  j^  aud  find  that  what  I  had  first  supposed  were  errors  on  mj  part^  art*  eonttaat 
Tariations,  which  prove  that,  the  other  statement  standing  as  above,  the  diaspasb  il 
slightlj  longer  in  slow  pulses,  oecupjing  approximatelj  0'002  of  a  minute  in  a  puhs 
of  61,  and  0001 8  of  a  minute  in  a  pulee  of  152  in  a  minute.  This  fact,  tlierefon^ 
leads  to  the  conclusion  that  the  rapiditj  of  the  fall  of  blood-tension  has  an  iufloetiea 
on  the  length  of  the  dissposis,  lengthening  it  slighUy  when  the  tenaion-fiJl  il 
retarded,  probably  because  the  prerious  ijstole  is  then  more  powerfnl  and  gradual. 
Il  is  to  be  noted  that  the  aeoond  cardio-arterial  intenral  of  oardio-ipfajgniflfTaph 
tracingi  is  almost  of  the  same  length  as  the  diaspasis,  and  raries  in  the  mme  or  in  a 
Tciy  similar  manner,  which  maj  be  the  cause  of  the  somewhat  undecided  nature  of 
the  notch  in  the  sph^^gmosystole  of  slow  pulses.  From  these  remarks  it  is  nrrrassij 
to  substitute  for  statement  9,  as  giren  abore,  the  (bUowing  t  8*  The  diaspaaia  Tariff 
being  slight  Ijr  longer  in  slow  pulse*. 


heart,  rests  between  its  pulsations ;  for  after  the  rnah  of  blood  into 
the  arteries  immediatelj  the  sigmoid  valves  open,  dating  the  rest  of 
the  systole  the  blood  which  leaves  the  heart  is  employed  in  retaining 
the  higher  pressure  in  the  vessels,  as  will  be  explained  more  fully 
further  on. 


^ 


We  are  now  in  a  position  to  consider  the  human  sphygmograph 
tracing  from  the  wrist,  and  on  lookiug  at  Fig,  2  (a),  which  is  from  a 
slow  pulse,  it  is  evident  that  in  aU  respeefcs  it  closely  i*esembles  that 
taken  with  the  sphygmoscope  from  the  carotid  of  the  horse,  which  has 
been  discussed  above,  and  there  is  every  reason  to  believe  that  the 
details  origiimte  from  similar  causes.  The  primary  rise  (a)  is  followed 
by  a  gentle  fall ;  thia  is  soon  broken  by  the  shock-wave  (b)  consequent 
on  the  closure  of  the  aortic  valve,  and  is  followed  by  the  secondary 
rise  (c),  which  commences  when  the  centrifugal  current  is  augmented 
by  the  reoommeuciug  onward  current  in  the  aorta.  The  sphygmo^ 
diastole  is  remarkably  uniform  and  nninterrupted. 

Between  the  tracings  of  slow  and  quick  pnlsiugs  there  is  at  first 
sight  not  much  resemblance,  but  it  is  not  difficult  to  obtain  a  series 
between  them  exhibiting  every  intermediate  condition  (Fig.  2,  a,  /?,  7). 
The  most  important  cause  of  the  variations  exhibited  by  pulses  of  dif- 
ferent rapidities,  is  that  the  ratio  between  the  length  of  the  sphygmo- 
ijstole  and  the  sphygmodiastole  is  not  constant.  For  instance,  when 
the  pulse  is  114  a  minute,  the  sphygmosystole  occnpies  just  one  half 
the  beat ;  but  when  it  is  40  a  minute,  it  only  occupies  one  quarter  of 
the  whole  revolution.  It  is  evident  that  this  must  influence  the 
general  appearance  of  the  trace,  and  as  the  length  of  the  sphygmo- 
systole  never  varies  in  health  for  any  given  pulse-rate,*  a  knowledge 
of  the  ratio  of  the  len^h  of  sphygmosystole  to  that  of  the  whole  beat 
is  snflBcient  datum  for  determining  the  pulse-rate.  In  the  paper  just 
referred  to  I  have  given  several  meaanrements  of  these  ratios,  and  have 
shown  that  the  length  of  the  sphygmosystole  maintains  a  very  definite 
relation  to  the  length  of  the  beat,  varying  as  its  cub©  root,  consequently 
-when  the  length  of  the  revolution  increases  in  the  series  1^  8,  27,  6-1,  Page  106, 
Ac-,  the  sphygmoBy stole  only  does  so  as  1,  2,  3,  4,  &c.,  so  that  if  we 
call  the  rapidity  of  the  pulse  x,  and  the  number  of  times  that  tho 
sphygmosystole  is  contained  in  the  beat  y%  the  length  of  the  sphyg* 
moeystole  can  be  fonnd  from  the  equation 

afj/'  =  47  V7, 
i       Further,  the  cardio-sphygmographf  shows  that  the  intorval  between 
the  closure  of  the  aortic  valve  and  the  commencement  of  the  secondary 


•  "  Proceedings  of  tbe  Bojal  Society,"  No.  120, 1870.     (Snpr^,  p.  14) 
t  "  Joumul  of  Anatomy  and  Phyiiology,"  May,  1671.     {Su^r^,  p.  27.) 
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imdial  riie  (tlie  ■eeond  cardio-arterial  inteml)  TaiieB  Imi  Utile  with 
diffezent  polse-ntes,  whOe  thai  between  the  primaiy  zadial  rise  and 
the  closore  of  the  aortic  Talye  (the  ocmjngate  cardio-arterial  interval) 
does  80  much  more  npidl  j,  both  being  longer  in  alow  pnlaea.  This 
also  greatly  inflnenoes  the  appearance  of  the  pnlfle-trace,  for,  as  pre> 
Tionslj  shown,  the  small  rise  and  fiJl  at  the  end  of  the  sphjgmo- 
systole  results  from  the  shock  of  closnie  of  the  aortic  Talye,  and  as 
this  oocnrs  in  slow  pulses  an  appreciable  time  after  the  primary  rise 
has  reached  its  TnaTifnnm,  it  is  clearlj  seen  as  a  separate  element  of 
the  carve.  But  in  quick  pulses  the  second  cardio-arterial  interval  is 
nearly  as  long  as  in  the  slow  ones,  while  the  conjugate  cardio-arterial 
interval  is  much  shorter,  consequently  the  shock-rise  and  fall  follow- 
ing the  aortic  valve  closure  is  thrown  back,  as  it  may  be  termed,  on 
the  primaiy  rise,  and,  being  blended  with  it,  is  not  separately  distin- 
guishable. This  is  the  cause  of  the  simplicity  in  the  sphygmoflystole 
of  quick  pulses. 
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The  univeriially  acknowledged  inefficiency  of  any  theoiy  at  present 
before  the  scientific  world  to  acconnt  for  the  origin  of  the  force  by 
whicb,  tliroogh  the  intervention  of  the  nervoua  system,  organs  at  a 
distance  from  one  another  are  placed  in  commnnication,  makes  mo 
feel  jnBtified  in  publishing  a  theory  which  has  been  in  my  mind  for 
some  time,  and  which  daring  that  time  accumulated  information  haa 
not  in  any  way  shaken. 

The  following  is  my  proposition: — The  species  of  energy  which 
exhibits  itself  in  the  form  of  **  nerve  force,**  is  electricity  of  thermo- 
dectrio  origin,  resulting  from  the  fact  that  the  surface  of  the  living 
fttiJTfiiU  body  is  always  colder  than  its  interior.  In  other  words,  the 
available  energy  resulting  from  the  interior  of  the  living  animal  body 
being  at  a  higher  temperature  than  that  of  the  surrounding  medium, 
is  expended  wholly,  or  in  great  measure,  in  generating  the  folx^e  called 
nerve  force.  In  the  discussion  of  this  problem,  the  following  are  the 
oonsi derations  on  which  it  is  based. 

1.  The  temperature  of  the  intorior  of  the  living  body  ia  always 
greater  than  that  of  its  surface,  because  all  animal  life  is  only  a  form 
of  chemical  degradation,  and  ia  therefore  neoesaarily  attended  with 
evolution  of  beat ;  which,  no  other  force  intervening,  will  always  keep 
the  interior  of  the  body  hotter  than  the  medium  in  whicb  it  lives. 
When  the  temperature  of  the  air  in  higher  animals  exceeds  or  nearly 
approaches  that  of  the  body,  which  varies  but  little,  special  arrange- 
ments (perspiratory,  &c.)  come  into  play  to  diminiah  that  of  the 
iinr£ace. 

2.  There  is  an  available  source  of  energy  in  the  body>  whicb  has 
been  but  little  considcTcd  by  physiologists,  depending  on  the  tempera- 
ture of  the  surface  being  lower  than  that  of  the  interior.  The  theory 
propounded  gives  employment  for  this  force, 

3.  In  the  struggle  for  Ufe,  the  individuals  that  economise  the 
foroea  at  their  disposal  are  most  likely  to  survive ;  it  is  therefore  im- 
probable that  this  not  inconsiderable  source  of  energy  should  have 
escaped  employment  in  this  struggle. 

4.  The  actual  construction  of  the  nervous  system  is  quite  sufficient 
for  the  working  of  such  a  force  as  the  one  proposed.  In  addition  to 
the  already  known  properties  of  the  nerves,  including  their  good  con- 
ducting  power,  it  is  only  required  that  a  th^Tmo-dectric  cv^rrmit  be  cap- 


Page  252. 
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ahU  of  being  gmerated  between  aofi  imues  of  different  eampoiUion  or 
structure^  suck  as  the  extremitiee  of  the  sentient  nervea  and  the  con  am 
in  which  they  are  embedded. 

Although  Magnus  was  not  ablo  to  prodnce  any  thermo-electric 
current  between  fluid  metals,  his  oxperiments  are  not  in  any  way  oon- 
clnsive  agaiost  the  possible  existence  of  such  currents  between  dif» 
ferent  tiflanes ;  the  subject  is  in  a  position  for  actual  demonstration^ 
no  doubtf  and  I  much  regret  that  as  yet  I  have  not  bad  opportomtifii 
of  attempting  to  prove  or  disprove  it.  Notwithstanding  this,  some  of 
the  circumstantial  or  collateral  evidence  is  so  strong,  that,  without  mmxj 
direct  proofs,  I  feel  justified  in  assuming  its  correctness.  The  follow- 
ing points  strongly  favour  my  theory. 

L  Within  certain  limits,  which  are  those  to  which  the  body  ti 
most  generally  exposed^  the  energy  of  the  individual  (which  must  be 
closely  related  to  the  supply  of  nerve  force)  is  greater  as  the  temper** 
ture  of  the  air  is  leas.  On  a  cold  day,  in  a  cold  air,  there  is  more  will 
and  power  to  work  physicaliy  than  in  hot  weather,  in  a  hot  air,  daring 
which  languor  is  a  prominent  feature.  In  a  paper  published  in  this 
Journal*  I  have  proved  that  the  circulation  through  the  skin  in  nma 
varies  according  to  the  temperature  of  the  atmosphere,  and  that  when 
70*^  F.  of  the  air  is  reached,  perspiration  commences.  Consequently 
by  this  means  a  difference  of  about  fJO"  F,  is  always  maintained  in 
health  between  the  surface  and  the  interior;  and  exposure  to  the 
highest  temperatures  of  the  Turkish  bath,  when  continued  for  aomo 
time,  does  not  disturb  this  condition.  But  a  hot-water  bath  is  fol- 
lowed by  very  different  consequences ;  if  the  body  and  iBce  be  im- 
mersed in  one  of  100^  F.,  and  breathing  be  performed  through  a  tube 
projecting  from  the  month  to  the  surface,  as  I  have  tried,  faintneas,  or 
loss  of  nerve  power,  comes  on  very  rapidly,  and  is  it  not  because  the 
Page  253.  teniperatnro  of  the  surface  is  raised  to  that  of  the  interior  ?  At  all 
events  this  explanation  is  as  reasonable  aa  any  other.  This  faintneas 
is  soon  recovered  from  on  the  reappli  cation  of  oold  to  the  skin. 

2.  The  effect  of  muscular  exei^isc  is  to  raise  the  temperature  of 
tlie  body,  and  so  to  increase  the  difference  of  temperature  between  it 
and  the  external  air ;  and  when  great  muscular  exertion  has  to  be  sns^ 
tained,  as  in  rowing*,  most  of  the  clothes  have  to  be  removed  in  order 
to  allow  of  the  rapid  cooling  of  the  snrfaoe,  the  necessity  for  which  is 
keenly  felt. 

3.  During  intra- uterine  life  the  active  chemical  changes  going  on 
in  the  body  of  the  fcetns  maintains  its  temperature  at  a  slightly  higher 
point  than  that  of  the  mother ;  but  immediately  after  birth  the  nenro 
force  generated  by  the  cooltng  of  the  surface  brings  the  intercostal 
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and  other  madcles  into  play,  and  the  child  is  otherwise  mnch  more 
active  than  when  in  utero. 

4.  The  source  of  the  body  heat  being  central,  and  the  circulation 
of  the  blood  tending  to  render  that  of  all  the  parts  uniform,  it  is 
evident,  as  a  simple  physical  deduction,  that  the  temperatnre  of  the 
portion  of  the  body  which  corresponds  to  the  heated  end  of  the 
thermo-electric  couple  (which  in  the  theory  now  under  discussion  can 
only  be  the  brain),  must  be  lower  than  that  of  the  blood,  because  the 
heat  supplied  to,  and  developed  in  it  (the  brain),  is  partly  employed 
in  generating  the  electric  current  which  is  circnlatiDg.  Dr.  John 
Davy  noticed  that  the  temperature  of  the  brain  of  the  rabbit  was  pecu- 
liarly low,  considerably  below  that  of  the  abdominal  viscera ;  his  re- 
sults have  been  considered  improbable  by  some,  but  have  never  been 
refuted ;  they  are  strongly  in  favour  of  my  theory,  which,  as  shown 
above,  explains  them  completely. 

Upon  my  theory  the  mechanism  of  the  nervous  system  may  be  thus 
summarised — 

The  afferent  nerves  are  the  conductors  to  the  nerve  centres  of  the 
electric  current  which  is  generated  by  the  contact  of  their  peripheral 
ends  with  the  tissues  of  the  cooled  skin,  which  they  supply.  The 
brain  is  the  largest  of  the  centres  towards  which  the  nerve  current  is 
directed,  the  other  ganglia  forming  the  smaller.  Through  these 
centres  the  currents,  as  through  an  elaborate  commutator,  are  split  up 
or  concentrated  in  a  manner  not  imderstood  as  yet,  to  be  directed  Page  254. 
along  the  efferent  nerves,  which  are  always  so  situated  as  to  be  beyond 
the  reach  of  external  cooling  influences.  Where  an  organ  acts  in  any 
way  automatically,  it  generally  has  centres  of  its  own,  of  a  size  vary- 
ing in  d^pree  according  to  its  automaticity,  and  these  minor  centres 
are  only  to  a  certain  extent  subject  to  the  influence  of  the  brain. 

As  in  the  working  of  the  electric  telegraph,  no  return  or  second 
special  conductor  is  required  to  carry  back  the  current  to  the  point 
from  which  it  started ;  for  where  an  efferent  nerve  terminates  in  a 
muscle,  it  loses  its  insulating  covering,  and  so  is  put  into  indirect  com- 
munication with  the  peripheral  sentient  nerves  through  the  inter- 
vention of  the  mass  of  body  tissue  generally,  which,  though  its 
resistance  is  much  greater,  offers  an  incomparably  larger  mass  to  be 
traversed  by  the  current. 
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Puge  140. 12.    ON  SOME  POINTS   CONNECTED  WlTTl   THE 

CULATION  OF  THE  BLOOD,  ARRIVED  AT  FROM 
A  STUDY  OF  THE  SPHYGMOGRAPH-TItACE.* 

(PI.  III.) 

Since  my  first  coramunicatiou  to  the  Royal  Society,  "  On  the  rela- 
tive Duration  of  the  Component  Parts  of  the  Radial  Sphygmogrikph- 
Trace  m  Health"  (**  ProceedingB  of  the  Rojal  Society,'*  XVIII. 
p.  351t),  it  has  not  been  my  good  fortune  to  find  any  similar  obserTft- 
tions  by  other  physiologists,  either  in  fayotir  of  or  in  opposition  to  my 
statemeata.  From  that  time  my  att-ention  has  been  oontinnally 
directed  to  similar  phenomena ;  and  the  employment  of  similar 
methods  has  led  to  results  which  seem  to  have  an  important  bearing 
on  the  problem  of  the  action  of  the  heart.  It  is  evident  that  a 
thorough  knowledge  of  the  nature  of  the  pulse  in  the  arteries,  when 
combined  with  that  acquaintanco  with  the  anatomioaL  mechanism  of 
the  heart  and  arteries  that  can  be  arrived  at  from  postmortem  exanuna* 
tion,  19  sufficient  basis  for  a  fairly  thorough  study  of  the  circulation  of 
the  blood.  It  has  been  my  endeavour,  by  the  employment  of  the 
sphygmograph  as  constructed  by  M.  Marey,  to  obtain  an  amonnt  ol 
information  from  the  curves  which  it  produces  sufliicient  to  generaliM 
on  the  nature  of  the  cardiac  action  in  some  of  its  details  which  hare 
not  as  yet  attracted  attention.  The  results  will  be  stated  in  the  form 
of  propositions. 

Prap,  L  The  length  of  the  interval  between  the  commencement  of 
Pftgo  141.  the  ventricular  systole  at  the  heart  and  the  closure  of  the  aortic  valv^ 
does  not  vary  when  the  pulse- rate  is  constant,  and  varies  as  the  square 
root  of  the  length  of  the  pulse-beat — being  found  from  the  equation 
wy  =;  20  >/xt  where  x  =  the  pulse-rate,  and  y  ^  the  ratio  borne  by 
the  above-named  part  to  the  whole  beat. 

This  law,  in  a  somewhat  modified  form,  was  enunciated  by  myself 
in  a  paper  published  in  the  **  Journal  of  Anatomy  and  Physiology  " 
(Y,  p.  17),  J  where  the  peculiarities  of  the  curves  taken  in  the  lying 
posture  misled  me  aa  to  the  point  of  commencement  of  the  ventricnlar 
systole,  and  led  me  to  state  that  posture  had  an  effect  on  the  duration 
of  the  systole.  Such,  how  eve  r»  is  not  the  case;  for,  while  lying,  the 
weight  of  the  heart  is  apparently  sufficiently  great  to  neutraliae  the 


I 


I 


I 
I 


•  '*  Prot'potlings  of  tb©  Hoy&l  Society/'  XXUt  1873.  pp.  140-51,  PL  6,      Bmd 
April  23,  1874.     An  ftb»tnwt  of  thie  paper  U  puhii»li<?d,  loc,  cit^  XXD.  pp.  2dl«9w 
t  Suprd,  p.  11.  t  Sffp^a.  p.  la 
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effect  on  the  trace  of  the  anrionlar  contraction,  and  to  make  the  thns 
taken  trace  deficient  in  the  rise  which  at  other  times  results  from  that 
contraction.  At  all  events  if  this  assumption  be  made,  it  is  found  that 
the  lengths  of  the  different  parts  of  the  beat  are  not  influenced  by 
posture,  and  they  agree  exactly  with  the  above-stated  law. 

The  following  are  measurements  made  since  the  publication  of  the 
original  paper,  which  tend  fully  to  confirm  the  above  statement : — 


Kninber  of  times 

Calculated  ratio 

PuUe-rate. 

the  first  part 

of  first  part  to  whole 

is  contained  in  the 

beat  on  formula 

whole  beat. 

drjf-20^"i. 

46 

2-925 

2-93 

48 

2-8,2-88 

2-885 

49 

2-85 

2-86 

52-5 

2-71 

2-765 

56 

2-63 

2-675 

57 

2-75 

2-66 

58 

2-65 

2-625 

60 

2-63 

2-59 

64-6 

2-556 

2-49 

69 

2-45 

2-4 

74 

2-28 

2-325 

79 

2 -28,  2 '275 

2-24 

80 

2-24375,2-207 

2-225 

81-6 

2-2,  2*185,2-093 

2-2 

84 

2  105 

2  175 

85 

2-09 

2-16 

86 

217,2  053 

2-155 

88-6 

2-245,2  275 

2  11 

90-6 

2  062 

2-1 

92 

2  12 

2  09 

92 

2  0875 

2-08 

94 

2-14125 

2  05 

Trap,  n.  The  length  of  the  interval  between  the  commencement  Pag©  1^2. 
of  the  primaiy  and  the  dicrotic  rises  in  the  radial  artery  is  constant 
for  any  given  pulse-rate,  and  varies  as  the  cube  root  of  the  length  of 
the  pulse-beat — being  found  from  the  equation  ajy'  =  47  -J/aj,  where 
a)  =  the  pulse-rate  and  y'  =  the  ratio  borne  by  the  above-named  part 
to  the  whole  beat. 

This  law  was  enunciated  in  the  paper  before  referred  to  as  read 
before  this  Society  by  myself,  and  published  in  its  **  Proceedings " 
(Xvill.  p.  351  )••  Since  that  paper  was  read  a  fresh  series  of 
measurements  have  strongly  confirmed  its  accuracy,  and  practice  in 
manipulation  has  diminished  my  limits  of  experimental  error  so  far 
that  a  difference  of  5  per  cent,  from  the  calculated  results  is  rarely 
found. 

•  Sufrh,  p.  14. 
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The  foDowiiig  Imble  wwrtaiiw  ■ome  of  tiie  move  reoent  reBults  and 
one  or  two  more  careful  mearaieiiieiitB  of  old  timoes : — 


Polw-nto. 

FooDd 

cqiMtionx/»47^x 

(approxinimtcly) . 

38 

4  175 

4-18 

43*5 

3  8^ 

3-8 

41-5 

3-7^f75 

3-75 

56 

3» 

3-22 

58 

3-195 

3-135 

69 

3  185 

3-0 

63 

2-911 

2-96 

63-5 

2-938 

2-95 

64 

2-ftM 

2-93 

65 

2-S3,   1-821 

2-9 

67 

2-825,2-788 

2-84 

66-5 

2-889 

2-795 

69 

2-7 

2-78 

73 

2 -625 

2-685 

105 

2  132 

2-13 

140 

1-735 

1-75 

Prop.  III.  The  length  of  the  internJ  between  the  prinuuy  and  the 
dicrotic  rises  follows  the  same  law  in  the  carotid  and  posterior  tibial 
that  it  does  in  the  radial  artery. 

That  such  is  the  case  as  far  as  the  femoral  and  posterior  tibial 
arteries  are  concerned  is  shown  by  Dr.  Galabin  in  a  paper  "  On  the 
Secondary  Waves  in  the  Pulse,"  recently  published  (Journal  of  Anat. 
and  Phys.,  2nd  series,  Xo.  xiii).  It  is  not  necessaiy,  in  proving  this 
law,  to  undertake  any  large  series  of  measurements ;  for  if  all  those 
which  are  taken  agree  exactly  with  the  calculated  result  obtained 
from  the  radial  equation,  the  probability  that  it  is  correct  is  almost 
infinitely  grreat.  In  a  boy,  aetat.  16,  whose  radial  pulse  was  previously 
Page  143.  proved  to  follow  the  above  law  exactly,  the  following  are  the  results 
obtained  by  measuring  the  carotid  tracings : — 

I 

I   Batio  borne  bj  fphTgmorrstole  to  whole  bcAt,  M 


Pulse-rate. 

Found 

Calculated 

bj  moa^urvment. 

from  radial  equation. 

67 

2-899 

2-84 

68 

2  827,2-6 

2  8 

72 

2  71U 

2  7 

77 

2  583 

2  59 

77 

2-594 

2-69 

CIRCULATION   OF   TUE   BLOOD. 
In  another  subject,  rotai.  22,  the  fol lowing  are  the  results  : 


HI 


Batio  boroc  by  Bphygmcmystole  to  whole  beat,  as 

l?uhe-mke. 

Found                              Calctiliitwl 
hj  mcasurempat,            frqm  radijil  e^quation. 

77 
78 
85 

2  6626 
2*676 
2  44» 

2-595 

2-575 
2  44 

With  regard  to  the  posterior  tibial  artery,  most  of  the  ix?SDlt8  were 
obtained  by  the  employment  of  the  double  sphygmograph,  to  be  de- 
scribed farther  on,  in  which  the  Boperposition  of  the  simultaneouB 
posterior  tibial  trace  on  that  from  the  radial  artery  showed  that  the 
interral  between  the  eominencing  primary  and  dicrotic  rises  is  the 
same  in  both.  The  following  are  a  few  independent  measurements 
from  tracings  frora  the  artery  beliiiid  the  ankle : — 


FulTC*r»tew 


70 
73 
80 
82 
82-5 


Proportion  bonu*  by  firat, 

part  to  \»  hole 

bent  in  mMe  ijfu^e. 


2  7 
2  675 
2*696 
2*4575 
2*617 
2 '578 


Frtpportion  bonic  by 

flr»t  part  to 

whole  beat  in  radiftl 

trace  (approiiiimldy). 


2-76 

2  685 
2-525 
2*6 
2-405 

i'878 


Corollary,— The  length  of  the  interval  between  the  primary  an4 
secondary  rises  being  exactly  the  same  in  the  carotid,  radial,  and  pos* 
terior  tibial  arteries,  which  are  three  vessels  at  very  different  distances 
from  the  heart,  it  is  evident  that  tJie  length  of  this  interval  is  constant 
throwjhout  the  larger  arteries ,  and  must  he  of  the  same  duration  at  the 
origin  of  the  aorta  thttt  it  is  in  the  radial  artery  at  the  ^orist^ 

The  corollary  to  Prop.  Ill  leads  to  theoretical  resnlts  of  consider-  Pagf  1^** 
able  importance;  for  as  the  duration  of  the  differeot  elements  of  each 
beat  in  the  radial  artery  ia  the  same  as  that  in  the  commeDcing  aorta, 
by  superposing  the  sphygmogi^aph- trace  npou  the  cardiograph-trace  at 
any  given  pnlse^rate,  a  comparison  can  be  made  between  the  duration 
of  the  different  physiological  changes  going  on  in  the  heart  and  those 
going  on  in  the  commencing  aorta ;  in  other  words,  the  time  during 
which  the  ventricular  and  arterial  systoles  are  continuous  can  be  ascer- 
t4)ined  with  precision  by  an  indirect  method ^  which  alone  is  possible  in 
the  human  subject. 

o 
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Taking  the  equations  given  in  Prop.  I  and  Prop*  11,  the  lengih  of 
the  systolic  portion  of  each  beat  in  the  cardiograph*  and  sphjgiDO- 
graph'tracea  maj  be  calculated  with  facility  for  any  valae  of  x.  From 
the  equation  above  given,  namely,  xy  «  20  ^/x  and  tj;y'  =  47  J/jp»  *^  i* 
found  that  the  leng-th  of  the  arterial  systole  is  shorter  than  the  car- 
diac, as  would  be  expected,  because  Hie  cardiograph- trace  is  an  indica^ 
tioD  of  the  movements  m  the  muscular  walls  of  the  heart,  and  not  of 
the  contained  blood,  and  because  a  certain  tension  must  be  reached  by 
the  mtraventricular  blood  at  the  commencement  of  the  qrstole  before 
it  can  push  open  tho  aortic  valves. 

The  fiphygmosjstole  being  therefore  shorter  than  the  cardiac  aystole, 
it  becomes  a  question,  when  an  attempt  is  made  to  saperpoee  them 
exactly,  as  to  whether  they  correspond  at  the  commencement  or  tho  end 
of  the  cardiosjstole.  This  is  easily  answered  ;  for  independent  obser- 
vations show  the  points  in  both  at  which  the  semilunar  valvea  of  the 
aorta  close.  These  points  in  the  traces  must  evidently  be  simultaneous, 
which  is  therefore  the  same  thing  as  sajing  that  the  interval  betweeo 
the  greater  cardioay stole  and  the  shorter  sphygmosy stole  is  at  the 
commencement  of  the  cardiosy stole.  This  interval,  the  existenee  of 
which  is  weU  indicated  in  Marey's  cardio-aortic  tracings  from  the 
horse,  may  be  termed  the  syspasis  (the  time  during  which  the  T6il» 
tricles  are  raising  the  pressare  of  their  contained  blood)  ;  and  tlie 
following  Table,  obtakied  from  tbe  two  eqaations  just  mentioned, 
gives  its  length  at  different  pulse- rates  i — 


0018753'    at  x  —  36  approximately. 

00132986'  „  a-  ^  40 

000931'       ,.  ^  =  04 

CKXK)4199'  ,,  *  -  81 

•000376^'     „  «  =  100 

'CK>024645'  „  jr  =  121 

000118'       „  ii*  =  144 

•000000'       „  *  =  170 

From  this  Table  it  is  evident  that  the  syspasas  varies  oonsid(?T9ibly 
with  different  rapidities  of  pnlse,  decreasing  rapidly  with  inerense  in 
'lllife  145.  the  pulse- rate  and  becoming  ml  when  it  is  170  a  minute,  which  may 
be  fairly  conceived  to  be  very  near  the  limit  of  cardiac  impidily  In 
man. 

That  this  interval  (the  syspasis)  should  vary  bo  ooosidenibly  m 
length  with  different  pulse-rates  is  not  easy  to  explain  at  first  sigl 
nevertheless  a  careful  review  of  the  different  prooeaeet  which  are 
operation  in  the  heart  at  the  time  has  suggested  to  me  an  esplaimtion 
which  seems  reasonable*  It  de[>eDd8  on  the  fact  that  the  extresno 
shortness  of  the  diastole  makes  any  variation  in  its  Inigth  have  a 
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marked  inflnence  on  the  amoant  of  blood  which  eniers  the  capillaries 
of  the  walls  of  the  heart,  and  consequently  influences  the  amount  of 
work  which  the  muscular  fibres  of  the  ventricle  have  to  perform  in 
emptying  their  interstitial  vessels  before  they  can  commence  con- 
tracting on  the  blood  in  their  contained  cavity.  Experiment  shows 
that  the  rapidity  of  the  pulse  does  not  depend  on  the  pressure  of  the 
blood  in  the  arterial  system ;  *  consequently  the  length  of  the  syspasis 
is  not  influenced  by  the  arterial  blood-pressure,  which  is  the  same 
thing  as  saying  that  the  force  of  the  cardiac  contraction  varies  directly 
as  the  blood-pressure ;  for  then  the  muscular  power  of  the  ventricular 
walls  to  overcome  the  intramural  distension,  varying  with  it,  prevents 
its  duration  from  being  modified. 

It  has  been  my  endeavour  to  show  elsewhere  t  that  the  force  of 
the  heart's  contraction  is  modified  by  the  length  of  diastole,  varying 
as  its  square  root.  Such  being  the  case,  it  is  evident  that  the  length 
of  the  syspasis  must  vary  with  that  of  the  diastole,  though  not  to  the 
extent  that  is  found  to  occur.  But  the  diastolic  period  being  always 
80  short,  it  is  evident  that  the  longer  it  is  the  more  thoroughly  does 
the  heart-tibsue  get  permeated  with  blood,  in  a  way  which  can  have 
little  or  no  influence  on  its  nutritive  power,  but  a  great  effect  in 
modifying  the  length  of  the  syspasis  in  the  direction  which  is  found 
to  occur. 

Again,  referring  to  the  results  of  the  cardio-sphygmograph  obser- 
vations published  by  me  in  the  "  Proceedings  *'  of  this  Society  (vol. 
xix,  p.  318),^  that  paper  contains  a  table  of  the  length  of  the  different 
cardio-arterial  intervals ;  and  if  from  the  first  cardio-arterial  interval, 
as  there  defined,  the  length  of  the  syspasis  be  subtracted  at  the  cor- 
responding rates,  it  will  be  found  that  the  remainder  of  the  interval  is 
of  exactly  the  same  length  as  the  second  cardio-arterial  interval, 
which,  on  the  assumptions  made,  it  could  only  be,  as  both  the  systole 
and  the  shock  of  the  closure  of  the  aortic  valve  are  propagated  along 
the  arteries  from  the  same  point  under  similar  circumstances.  The 
following  table  gives  the  lengths  of  the  first  cardio-arterial  interval 
from  which  that  of  the  syspasis  as  above  determined  has  been  sub- 
tracted, and  by  their  side  the  lengths  of  the  second  cardio-arterial 
interval,  as  copied  from  the  table  in  the  communication  referred  to ; 
their  similarity  cannot  be  the  result  of  simple  coincidence,  as  they  are 
derived  from  independent  sets  of  measurements. 


•  "  Journal  of  Anatomy  and  PhyBiology,"  November,  1873.     (Suprd,  p.  51.) 
f  Ibid.  vol.  viii.     (Suprct,  p.  59.)         X  (Supra,  p.  32). 
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'  "Aig©  146. 


First  caniio-aricrittl 

Second 

Puke-rate. 

intcrTftl 

cftrdio-artcriiil 

with  sjspaeia  eubtnu;t«d. 

intemX, 

86 

•0023982' 

•00239?©1' 

m 

00233314' 

•00233342' 

64 

•002274' 

•00227425' 

Bl 

■00220541' 

•00220546' 

100 

•0021875' 

00218745' 

in 

•00208455' 

•ooao64r 

144 

•0020185' 

0020185'                     ■ 

170 

■0010704' 

•0019725^ 

After  the  completioti  of  tHe  cardio-spliyginogrftph  tracing  &boye 
referred  to,  it  was  mj  endeavour  t-o  obtain  satisfactory  double  sphjg- 
mograpb  tracinga  from  arteries  at  different  distances  from  the  heart. 
Two  or  three  nnflncoesBfiil  attempts  suggested  the  plan  which  has 
proved  successfnl.  It  was  soon  evident  that  there  is  onlj  one  arterjt 
other  than  the  radial,  which  it  is  possible  to  manipulate  with  mnj 
degree  of  faoilitj,  espeeiallj  when  the  experimenter  is  the  subject  of 
experiment.  This  artery  is  the  posterior  tibial  at  the  ankle,  where  ti 
rima  in  the  interval  betweea  the  internal  malleolioa  and  the  taberosity 
of  the  OS  calcis,  just  before  it  gives  off  the  internal  calcaneal  brancbes. 
On  myself,  this  artery  is  as  snperficial  and  aa  easily  reached  as  the 
radial ;  in  the  sitting  poatnre  it  in  quite  under  command  when  the 
foot  is  croeaed  over  the  opposite  knee ;  it  is  conaiderably  further  from 
the  heart  than  the  radial ;  and  to  obtain  as  great  a  diHeroDCe  aa  po^ 
Bible,  the  right  wrist  was  on  all  occasions  the  one  experimented  on* 
the  wrist  and  the  ankle  being,  as  far  aa  can  be  estimated  on  the 
living  body,  29  inches  and  52^  inches  respectively  from  the 
valvefl. 

Before  going  further  it  will  he  necessary  to  conaider  the  tphy 
graph'irace  from  the  posterior  ttbial  artenj  at  the  ankle.  Wolff • 
published  the  results  of  Ms  observations  on  the  dorsalis  pedis 
and  as  they  correepond  with  those  from  the  ankle- trace  of  the  poi^ 
terior  tibial,  they  may  be  recapitulated.  He  remarks  that  the  pube 
at  the  foot  has  a  general  resemblance  to  that  at  the  wrist,  it  diffe 
in  the  primary  ascent  being  less  abrupt  and  the  sommit  less  aoot^ 
In  the  descent  the  secondary  undulation  is  remarkably  inaignifiioani. 
The  other  minor  ondulations  are  less  constant.  My  ohserT&tionB  con* 
firm  the  above  with  respect  to  the  general  similarity  between  the  two 
pulses,  the  greater  obliqiiity  of  the  primary  rise,  and  the  leaa  constant 
character  of  the  minor  undulations ;  the  secondary  rise  has,  hoi 
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•  **  Chumctmstik  dt?»  Arteriimpulft." 
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never  stmck  me  a8  peculiarly  insignificantj  though  it  has  pecTiliaritiea, 
to  be  mentioned  immediately. 

The  ankle- trace  of  a  pulHo  at  about  70  a  minute,  as  taken  with  an 
ordLnary  Rphygraograph,  differs  from  that  at  the  wriat  in  more  than  Page  H7. 
one  point.     The  primary  rise,  as  previously  mentioned,  la  lesa  abrupt  j 
the  following  fall  m  more  considerable,  and  ia  not  broken  by  the  notch 
nearly  constantly  seen  in  wrist- traces  of  this  rapidity.    The  secondary 
rise  starts  from  a  lower  level  and  ia  well  marked,  reaching  its  climax 
considerably  nearer  the  next  primary  rise  than  in  the  wrist-tracc.  There 
is,  however,  another  feature  in  the  early  part  of  the  seoondaiy  rise  in 
the  ankle-trace,  which  deserves  special  attention  because  of  its  geneiul 
occnrrence.   As  is  well  known,  in  wrist-tracea  the  secondary  rise  com- 
mences promptly  and  is  quite  uniform  in  character,  but  in  ankle-traces 
there  is  nearly  always  a  sliort  horizontal  continuation  of  the  curve  im- 
mediately following  the  primary  fall,  the  point  of  departure  of  the 
two  lines  being  clearly  indicated  by  an  abrupt,  though  not  consider- 
able, change  in  direction.     This  horizontal  portion  of  the  trace  is  not 
of  any  considerable  length,  being  in  a  pulse  of  70  a  minute  about  one- 
eighth  of  the  whole  beat ;  it  is  followed  by  a  well-defieed  secondary 
rise,  which    is  much  longer   and    more   gradual   than   the   primary. 
Though   described  abjve  as  honzontal,   this  short  interval  between 
tlio   two    undulations   is   not   so   always,    being    frequently   slightly 
oblique,  sometimes  in  one  direction,  sometimes  in  the  other.     When 
I  its  curve  is  downwards  (that  is,  when  it  t-ends  in  the  same  direction 
;  the  primary  fall),  it  may  appear  to  be  part  of  that  event,  which 
I wonld  then  look  as  if  broken  \  when  its  cnrve  is  upwards  (that  ifl, 
[  %'hen  it  t.ends  in  the  same  direction  as  the  secondary  rise),  it  makes 
I  the  trace  appear  more   normal  in  comparison   with   that  from  the 
I  wrist. 

Having  now  explained  the  ankle  sphygmograpb -trace,  in  considep- 
ing  the  simultaneous  wrist  and  ankle  traces,  it  will  bo  necessary  to 
commence  with  the  description  of  the  instrument  employed  to  obtain 
them.  A  drawing  from  it  above  is  seen  in  Plate  III,  fig.  1,  from  the 
side  in  fig,  2,  and  a  double  sphygmogram  is  given  in  fig,  4. 

The  douhU  sphygnwgraph  is  eonfitructed  from  two  of  the  ordinaty 
sphygmographs  of  Marey,  as  first  constructed  by  Bregnet,  One,  that 
*  employed  in  taking  the  ankle-trace,  retains  all  its  original  parts, 
except  the  side  lappets  for  fixing  it  to  the  arm,  and  its  recording- 
apparatus  receives  the  double  trace.  A  second  lever  is  fixed  in  con- 
nexion with  it  by  two  uprights  so  placed  as  to  allow  the  axis  of  the 
second  lever  to  be  parallel  to  and  above  the  one  belonging  to  the 
instmment,  sufficient  roooi  being  left  to  allow  the  latter  to  move  un- 
ohstraeted  up  to  the  top  of  the  recording  paper.  This  second  lever, 
wliich  is  a/(W!  nmile  of  that  used  in  tho  sphygmograpb,  is  placed  so 
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tbat  it  will  write  on  the  same  recording'- pft per  as  the  first;  but  it 
position  iM  reversed.  The  accompanying"  sketch  (fig.  3)  will  sboi 
this  point,  it  repi'cscnting^  a  aide  view  of  the  ordinary  knife-odg 
lever  upside  down — that  is,  with  the  surface  (s)  on  which  the  knifc- 
cdge  ought  to  slide  uppermost.  The  object  of  ih'm  arrangement  will 
be  Been  immediately, 

The  second  sphjgmograph  has  the  watch  work  remo^^ed,  as  well  as 
Piige  148.  the  brasswork  which  is  fastcued  to  the  spring  that  presses  on  the 
pulse,  to  the  end  of  which  a  small  wire  loop  is  soldered*  lo  addition^ 
a  Buiall  piece  of  wood  ia  ecrewt  d  into  the  nearer  of  the  two  holes  bj 
which  the  watch  work  was  fixed,  in  such  a  way  that  it  can  be  made  to 
revolve  with  difficulty.  The  two  instruments  are  fafetened  together  by 
means  of  a  screw  and  nut  in  the  foot-spliygmograph,  which  bind  a 
brass  plate  in  that  for  the  wrist.  This  screw  is  fixed  on  a  plate  of 
brass  wbicb  is  attached  to  the  end  of  the  instrument  furthest  from  the 
watishwork  in  the  manner  shown  in  the  igure.  Thebi*ass  plate  in  the 
other  sphygmograph,  which  it  binds^  is  fixed  on  the  side  of  the  body 
of  the  instrument  close  to  the  arbor  of  the  lever.  The  exact  position 
of  these  additional  pieces  of  brasswork  has  to  be  determined  by  the 
direction  that  a  silk  cord  takes  when^  fixed  at  one  end  to  the  arbor- 
end  of  the  inverted  lever  mentioned  above,  it  ia  threaded  through  the 
loop  on  the  tip  of  the  spring  of  the  wrist- sphygmograph.  This  cord 
has  to  be  parallel  to  the  sides  of  the  ankle-sphygmograph,  when  the 
two  instruments  arc  fastened  together  with  the  nut  at  right  angles  to 
one  another* 

On  commencing  to  take  a  double  trace  the  nut  is  unscrewed, 
the   two  instruments  are  separated  from  one  another.      The  wrist** 
sphygmograph  ia  then  bound,  as  nsual,  on  the  right  arm.     The  silk 
cord  attached  to  the  arbor-end  of  the  wrist*puhsc  lover  (the  opper  on 
in  the  aidtle-sphygmograph)  is  then  threaded  thrtiugh  the  loop  at 
tip  of  the  wrist-spring,  and  the  binding-screw  to  fix  the  two  instru- 
ments  is  passed  into  the  bole  in  the  plate  of  the  wrist-sphygmo^raph 
made  to  i^eceive  it ;  after  whichj  the  nut  being  screwed  fast  down,  tha^ 
two  sphygmogmphs  form  a  single  mass.    The  sUk  cord  is  then  carried 
round  the  piece  of  wi>od  at  the  watch  work  end  of  the  wrist-sphygmtj 
graph,  ami,  after  being  slightly  tightened,  is  fixed  in  a  groove  on  it 
side.     The  whole  is  now  ready  for  commencing  the  trace.     To  do  this 
the  ankle  instrument  (with  thiit  for  the  wrist  attached  to  it  and  to  the 
arm)  is  placed  over  the  left  foot,  which  has  to  rest  on  the  right  knaei^j 
parallel  to  the  direction  of  the  leg,  with  the  watchwork  towarda  tl 
l»ody.     The  recording- paper  is  placed  in  position;  tlie  silk  thrDnd 
tightened  by  slightly  turning  the  wooden  |>eg  to  which  it  is  fixed,  and 
the  wrist*lever  is  made  to  pulsate  by  it  towards  the  upper  part  of  tbci 
recording-iniper.     The  ankle-sphygmograph,   held   Uj  iU  watchwork 
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end  in  the  left  hand,  and  attached  at  the  other  extremity  to  the  right 
wrist,  is  then  pressed  down  on  the  inside  of  the  left  foot  (which  rests 
on  the  right  knee),  in  such  a  way  that  its  pnlse-pad  compresses  the 
posterior  tibial  artery  where  its  pulsation  is  most  manifest.  The  lever 
is  made  to  record  on  the  lower  part  of  the  smoked  paper,  below  the 
one  connected  with  the  wrist.  When  both  levers  are  found  to  be 
working  freely,  the  recording-paper  is  set  moving  by  liberating  the 
watch  work-catch  with  the  left  thumb,  which  is  close  to  it.  The  respi- 
ration must  be  checked  during  the  time  the  recording-paper  is  moving, 
to  prevent  irregularities  in  the  trace. 


MetuUs  arrived  ai  from  the  Study  of  the  Simulta/neous  Wrist  and  Ankle  Page  l^* 

Tracings, 

In  employing  the  tracings  obtained  from  the  above  compound  in- 
strument, two  objects  were  kept  in  view— ^r«^,  to  find  the  interval 
between  the  commencement  of  the  primary  rises  in  the  wrist  and 
ankle  curves ;  and  secondly^  to  observe  whether  or  no  the  superposition 
of  the  one  trace  upon  the  other  verified  or  falsified  the  statement 
made  in  Prop.  Ill,  that  the  lengths  of  the  different  parts  of  each 
element  of  the  curve  were  the  same  in  the  two  arteries. 

The  following  table  contains  the  measurements  of  the  lengths  of 
the  intervals  between  the  commeu cement  of  the  primary  rise  in  the 
wrist  and  ankle  tracings  at  different  rapidities  of  pulse,  from  which  it 
is  clear  that  this  interval  varies  very  slightly  within  the  range  that 
can  be  obtained,  and  that  the  tendency  is  for  it  to  be  very  slightly 
longer  in  the  slower  pulses. 


Bapidity  of 

Length  of  intenral  between  commencement  of  systolic  rise 

pulse. 

at  the  wrist  and  at  the  ankle. 

62 

•00115' 

occurring    14^08  times  in  each  beat. 

63 

•00125' 
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II            It         )i 

67 

•001843' 

11  11 

»t 
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11            II         II 
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it 
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II 

•001206' 
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II            II         II 
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10  37 

11            II         tt 
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10  86 
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10 
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95 
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„             8  67 

II            II         It 

98 

•001086' 

9  7 

II            II         tt 

99 
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8  607 

II            ti         It 
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which  gives  an  average  length  of  *(X)12314(  of  a  minute  for  all  il 
rates. 

It  being  posiiible  to  ostiraate  with  considerable  accwacy  the  dis- 
tance from  the  a<:>rtic  vaWes  of  the  spots  on  the  arterleB  at  which  the 
iiiiitruniewt  is  usually  applied,  it  becomes  a  point  of  interest  to  tletcr- 
niine  from  the  facts  arrived  at  the  rapidity  with  which  the  pritniiry 
undulation  travels  from  ita  origin  (the  heart)  to  the  penphrrsd 
vesiiela.  The  radial  artorj  at  the  wrist  aud  the  post<?nor  tibial  artiiy 
at  the  ankle  are,  as  nearly  aa  can  be  determiDed,  29  inches  and  ht^ 
inches  respectively  from  tho  origin  of  the  norta  in  myself  (on  whom 
all  the  tracings  have  been  taken),  as  previously  mentioned;  and  a« 
Page  150.  tj^e  time  of  trao&it  of  the  wave  varies  very  little  mth  different  rapid- 
ities  of  pnlse^  a  single  example  may  be  taken  to  Olttstrate  the  point  in 
question.  With  the  heart  beating  100  times  in  a  min nta,  the  timo 
taken  by  the  primary  wavo  in  reaching  the  wrist  (that  is,  the  length 
of  the  first  eanlio- radial  interval  with  the  syspaais  subtracted)  biyi 
been  shown  in  a  previons  table  to  be  '0021875  of  a  minute.  Adding 
to  this  the  interval  between  the  I'adial  and  ankle  primary  riae  at  the 
name  rapidity,  which  is  very  nearly  *0011(j  of  a  minate,  *U033475  of  a 
minute  is  the  time  taken  by  the  systolic  wave  in  travelling  from  the 
heart  to  the  ankle.  But  if  this  wave  went  the  extra  dist4Uice  to  the 
ankle  (52' 5  ^29  ^)  23*5  inches^  at  the  same  mte  at  which  it  readm 
the  wrist,  the  length  of  the  first  card io- malleolar  interval  would  he 
•00450375  of  a  miuute  (29  :  52*5  :  :  21875  :  459375);  but  it  ia  wily 
•0033475  of  a  minute,  which  is  considerably  less ;  consequently  f Ae 
wave  augmefUs  m  rapidUif  as  lU  geU  farther  from  ike  heart,  a  phenome- 
non beyond  my  power  to  explain. 

By  suporimposiug  the  wrist-trace  from  a  simultanoouB  ephygmo. 
gram  on  tlrnt  from  the  ankle,  it  is  found  that  the  components  of  eaoh 
are  of  exactly  similar  durf>tion,  tlK»ugh  the  peculiar  short  interral 
following  the  dicrotic  notch  in  the  latter  sometimes  compUcatise  the 
results.  This  exact  similarity  in  l^igth  of  the  different  elemnois  of 
the  two  pulses  is  not,  ns  will  be  found  by  those  who  atteoipt  to 
mensni'e  them  pnictically,  self-evident  from  the  tnicings  tbemaelfru} 
because  the  one  being  slightly  lat-er  than  the  other,  and  the  walch* 
work  varying  in  rapidity,  gradually  increasing  and  then  declining, 
the  ratKal»  which  is  the  earlier,  is  slightly  the  shorter  in  the  <\iW' 
mcuccment  of  the  trace  and  the  longer  towards  its  end.  In  the  niMidli? 
of  the  recording-paper  tho  two  coincide.  It  may  therefore  be  mid 
that  the  compound  sphygmograph- trace  is  entirely  in  favour  of  the 
correctness  of  Prup,  III. 

In  conclusion,  the  following  is  a  summary  of  the  results  arrived  ai 
in  this  coramumcat ion  :^ — 

I.  The  lengths  of  the  different  elements  of  the  puIso*bc»at 
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the  same  in  arteries  at  different  distances  from  the  heart,  the  radial 
sphygmograph-trace  expresses  their  duration  in  the  aorta. 

II.  The  cardiosystole  being  longer  than  the  sphjgmosystole  at  aU 
possible  pulse-rates,  the  excess  in  the  length  of  the  former  ezpreeaes 
the  time  i*eqaired  by  the  heart  to  reach,  from  a  state  of  rest,  a  systolic 
pressure  sufficient  to  open  the  semilunar  valves.  This  interval,  termed 
the  syspcuisy  is  constant  for  any  given  rapidity  of  cardiac  action,  and 
rapidly  decreases  as  the  pulse  gets  quicker,  becoming  m7  at  a  rate  of 
170  a  minute. 

m.  The  interval  between  the  commencement  of  the  primary  pulsed 
rise  in  the  radial  and  that  in  the  posterior  tibial  artery  is  less  than 
would  be  estimated  from  the  time  taken  by  the  same  wave  in  travelling 
from  the  aortic  valve  to  the  radial  artery. 

The  woodcut  (p.  89)  will  assist  in  illustrating  the  mutual  rela> 
tions  of  the  different  component  parts  of  the  cardiac  revolution,  as  its 
different  elements  are  there  shown  in  their  actual  relations  one  to  the 
other. 
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13.   ON   THE   TELSON   OF   THE   MACRUROUS 
CRUSTACEA.* 


Page  271. 


Till  relatioiiB  of  the  telson  of  the  lobster  and  its  allies  are  so 
Tariously  regarded  by  zoologifita  of  the  present  day,  that  no  apology  is 
needed  in  bringing  forward  any  fwcta  whit*h  tend  to  settle  the  point. 
By  Milne-Ed  wards  it  is  considered  as  a  seventh  abdominal  segment ; 
but  I  cannot  find  in  his  writings  any  reasons  given  for  his  belief.  Yau 
Beneden  is  also  stated  by  Professor  Rolleston  to  hold  the  same  opinion. 
Professor  Hnxley  considers  the  telson  an  azygos  appendage,  and  not  a 
true  segment  of  the  body  ;  and  Professor  Rolleston  agrees  with  him, 
stating  that  it  only  carries  appendages  in  one  or  two  cases,  whereaa  it 
is  a  law  common  to  all  Cmstacea,  that  every  segment  has  its  ap- 
pendages. 

An  attempt  will  be  here  made  to  show  that  in  a  specimen  of 
Scyilartts  arctu8y  in  the  Zoological  Museum  of  the  University  of  Cam- 
bridge, there  is  sufficient  evidence  to  prove  that  the  telson  is  a  tme 
body  segment,  and  that  it  is  provided  with  tme  segmental  append- 
ages, though  the  nature  of  these  is  somewhat  modified  by  cohesion 
and  adhesion. 

In  this  specimen  the  sixth  abdominal  segment  is  in  the  main 
similar  to  that  in  the  lobster,  but  its  dorsal  surface  is  grooved  instead 
of  plain.  The  infero* lateral  terminations  of  its  dorsal  shield  are 
slightly  recurved  and  not  sharply  pointed^  those  of  the  first  abdominal 
segment  being  decidedly  so,  hut  the  acumination  becomes  less  marked 
in  each  succeeding  one.  The  swimmerets  are  greatly  developed,  the 
propodite  not  exhibiting  any  decided  spinous  protuberances.  Both 
the  exo-  and  the  endo-podite,  which  are  expanded  horizontally,  are 
composed  of  two,  a  proximal  calcified  and  a  distal  fin-like  portion ; 
the  anterior  margin  of  the  former  in  each  of  these  segments  being 
prolonged  outwards  in  the  form  of  a  spine.  The  distal  fins  are  com- 
posed of  a  translucent  membranous  substance  supported  on  a  mdiating 
framework. 

At  the  attached  extremities  of  the  anterior  and  posterior  margiufl 
of  these  fins,  there  are  small  elongated  calcified  masses,  which  seem  to 
be  the  points  at  which  their  delJcate  structures  come  in  contact  with  ^&gQ  272. 
one  another  and  the  neighbouring  parts. 

Ventrally  there   is  a  transverse   calcified   bar,   concave  forward, 
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fileTider,  and  composed  of  a  central  and  two  lateral  elements,  which 
are  fixed  to  the  sides  of  the  dorsal  shield. 

The  seventh  segment,  or  telaon,  conaists  of  a  distal  fin  and  a  proxi- 
mal calcified  portion.  The  fin  is  azygos,  semi -elliptical,  and  supported 
on  rajs,  like  the  exo-  and  endo-podites  of  the  sixth  segment.  It  a1»o 
i^esembles  them  in  having  two  lateral  elongated  calcified  masses  at  its 
margins*     There  is  no  median  separatioiK 

The  calcified  portion  consists  dorsallj  of  a  small  semicircnlar  €?en- 
trnm  or  dorsal  shield,  which  is  close  under  the  dorsal  plate  of  the 
preceding  segment,  and  is  separated  from  the  lateral  masses  bj  a 
marked  groove^  not  bj  an  articulation. 

These  lat-ei'al  masses  are  each  distinctly  separable  into  three  parte  : 
Ist,  a  thin  longitudinal  one,  which  approaches  the  sixth  dorsal  plate, 
and  ends  posteriorly  in  a  sharp  spine. 

Internally  it  comes  in  contact  with  the  next,  the  2nd  part,  which 
latter  joins  the  azygos  centrum  at  its  an tero- internal  margin,  and  at 
its  distal  end  gives  attachment  to  the  3rd  part.  Beyond  the  centrum 
there  is  a  considerable  interval  between  the  two  lateral  masses  dorsal ty. 

The  3rd  part  consists  only  of  a  free  spine,  directed  backwards  and 
articulated  to  the  2nd.     It  rests  on  the  azygos  fin, 

Ventrally  this  segment  presents  only  a  short  transverse  bar,  in 
front  of  the  anna,  composed,  as  in  the  preceding  one,  of  a  central  and 
two  lateral  portions. 

On  the  supposition  that  this  seventh  segment  is  a  tme  one,  the 
small  dorsal  centrum  corres]:>onds  with  the  much  larger  one  in  the 
other  segments,  while  the  swimraerets  are  represented  by  the  lateral 
masses  described  above ;  the  2nd  part  of  which  corresponds  with  the 
propodite,  and  the  1st  and  3rd  with  the  exo-  and  endo-podit-e  respec- 
tively, each  bearing  spines,  and  connected  with  the  j>ropodite  and 
with  the  fin. 

The  short  transverse  ventral  bar  correapouds  to  the  narrow  oen- 
trom,  and  is  composed  of  the  portions,  as  in  the  preceding  segment. 
I  have  no  means  of  telling  whether  it  is  laterally  connected  with  the 
dorsal  shield. 
ii73.  Xhe  position  of  the  anus  behind  this  seventh  transverse  bar  i& 
strongly  in  favour  of  the  alimentary  canal  being  segmentally  terminal. 
although  this  condition  is  disguised  by  the  coalescence  of  the  lateral 
appendages  above,  which  consequently  makes  the  anus  ventral. 

If  the  above  explanation  is  accepted  with  regard  to  this  particular 
species,  it  is  highly  probable  that  it  is  true  in  those  allied  to  it,  and 
would  then  refer  to  the  lobster  and  cray-fish*  Pjxjfessor  RolleaUm 
says  of  the  latter^*  that  the  proximal  segment  of  the  telson  is  not 


I 


•*  "  FortTw  of  Animia  Lift,**  1870»  p.  m. 
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c&lcified  continnonsly  across  its  ventral  surface,  as  the  other  segments 
are ;  bnt  this  appearance  wonld  arise  from  the  small  size  of  its  real 
centrum,  which,  as  in  Scyllarus,  would  be  quite  anterior,  aud  the 
coalescence  in  the  middle  line  of  the  proximal  portions  of  the  endo- 
podites  of  the  segment.  In  the  telson  of  the  lobster,  by  looking  at 
its  dorsal  surface  obliquely,  a  system  of  undulations  is  observed, 
which  corresponds,  though  in  a  much  more  disguised  form,  with  the 
condition  in  ScyllaruSy  the  two  extreme  lateral  pieces  with  the  accom- 
panying spines  being  easily  seen,  and  the  small  elevated  centrum  at 
the  anterior  part. 

In  conclusion,  an  attempt  has  been  made  to  show  (I),  That  in  some 
Macrurous  Crustacea,  and  therefore  probably  in  all,  the  telson  is  a 
true  body  segment  with  lateral  appendages,  which  are  modified  by 
cohesion  and  adhesion.  (2)  That  the  body  of  the  segment  terminates 
posteriorly  in  front  of  the  anus,  and  that  the  cohesion  of  the  endopo- 
dites  superiorly  causes  the  anus  to  be  ventral. 


.'   Bndepoditt 
Pro/todiU 

Telsoiii  Ac,  of  Scyllarus  arctus. 
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14.  NOTES  ON  AN  OSTRICH  LATELY  LIVING  IN 
THE  SOCIETFS  COLLECTION.  (Written  iq  cod. 
junction  with  Frank  Darwin,  B.A.)* 


P»gie  35a  A  MALE  Ostrich  (SirulJiio  camelus)  lias  been  in  tbe  Societj*g  Gar- 
dens since  April,  1869,  and  was  qnite  healthy  until  last  October,  when 
its  appetite  began  to  fail,  and  it  did  not  take  kindly  to  its  food  from 
that  time  until  its  deatb  on  the  6th  nit.  In  September  last  the 
keeper  noticed  on  several  occasions  that  after  mnning  about  as  it  waa 
Pago  3S7.  accastomed  to  do  in  play,  it  tnmed  giddy  and  apparently  tripped,  bat 
never  quite  fell.  For  the  last  fonr  months  it  had  lost  flesh  j^radnaUy* 
Whenever  any  fresh  food  was  offered  it,  it  would  take  a  little  and  then 
refuse  any  more,  and  would  do  thus,  however  many  new  things  were 
presented  to  it. 

It  had  suffered  from  diarrhcea  more  or  less  ever  since  October,  the 
excrement  having  a  yellowish-green  colour. 

Latterly  it  had  been  nearly  continually  in  the  sitting  position,  and 
would  stand  very  unwillingly.  It  also  frequently  rubbed  its  head  and 
eyes  with  its  foot,  as  if  soraething  was  irritating  it  there. 

In  the  post-mortem  ex  am  in  at  ion  very  little  structural  disease  was 
found ;  and  the  cause  of  death  is  more  probably  connected  with  the 
contents  of  the  stomach  rather  than  with  any  other  agency. 

There  was  more  than  half  a  gallon  of  stones  in  the  stomach :  most 
of  tliem  were  about  the  size  of  cob. nuts  or  peas ;  and  they  fully  dilated 
the  organ  and  pulled  it  down  abnormally.  Mixed  up  with  these  stones 
were  numerous  copper  coins  and  pieces  of  coins  in  a  much  worn  state* 
There  were  two  pennies  and  fifteen  halfpence ;  and  very  few  showed 
the  least  trace  of  the  stamp  they  bad  previously  borne,  and  those  only 
by  an  obliqno  light,  the  difference  in  density  of  the  metal,  produced 
by  the  stamping,  having  caused  them  to  wear  unevenly.  Most  of  them 
were  slightly  curved,  being  meniscoid  in  form.  They  were  all  highly 
polished,  and  not  in  the  least  corroded.  Many  were  in  pairs,  with  A 
layer  of  aoftish  green  raatt-er,  about  -^  of  an  inch  thick,  interposed. 
The  chips  of  coins  were  very  numerous,  and  of  all  sizes  below  that  of  | 
the  coins  themselves.  No  8ilver  was  found,  and  nothing  else  except 
a  glove-button  and  a  nut,  the  latter  being  at  the  bottom  of  the  1 
pbagus. 


•  '*  Prooeodingff  of  tbe  Zodogical  Society /*  1872,  pp.  356-63,     Band,  Mftrch  5, 
1872. 
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All  the  contents  of  the  Btoraaeh  were  of  &  grmn  coloar  j  and 
two  small  boluses  of  hay  which  it  contained  were  tinged  deeply  with 
green. 

Four  more  c^^ins,  deeply  corroded  and  greenish -black,  were  fonnd 
in  one  of  the  intestinal  cteca,  together  with  a  few  stoneB.  There  were 
also  a  few  stones  in  the  other  ca?cnm  ;  and  the  mucons  membrane  of 
both  ca?ca  was  congested  and  unhealthy  in  appearance,  which  was  not 
the  CJise  in  the  stomach  to  any  extent. 

There  were  no  symptoms  of  janndice,  which  freqnently  accompa- 
nies copper  poisoning.  The  liver  appeared  healthy,  except  that  scat- 
tered abont  were  a  few  dense  white  lumps  about  the  size  of  peas, 
mostly  near  the  snrface :  it  weighed  3  lb.  9  oz.  No  gall-bladder  was 
present. 

The  spleen  was  very  small,  and  altogether  weighed  just  under 
2  OK.  There  was  very  little  healthy  tissue  preserved,  it  mostly  oon- 
sisting  of  spheroidal  dense  masses  of  matter  which  were  about  the 
size  of  chestnuts,  and  by  protmding  beyond  the  geaeral  surface 
produced  an  appearance  of  knobs*  These  masses,  on  cutting  through 
the  capsule,  separated  entirely,  and  were  then  seen  to  be  rough  and 
altogether  very  like  urinary  calculi ;  they  wero  of  a  fav^Ti-colour.  The 
organ  was  situated  nearly  in  the  middle  Ime,  just  above  the  kidneys* 

The  heart  weighed  1  lb.  7  oz,,  and  gave  origin  to  two  carotid 
arteries,  one  from  each  main  branch,  which  ran  to  the  head,  a  dts« 
tance  of  about  3  feet  6  inches,  side  by  side,  in  front  of  the  cervical 
vertebrap,  in  the  groove  formed  by  the  auteriorly  projecting  processes 
of  those  bones ;  and  they  never  showed  any  tendency  to  nnito  or  Pag©  358. 
cross  one  another.  They  were  thickly  covered  by  the  anterior  cervical 
muscles,  and  sent  off  symmetrical  branches.* 

Superficially  on  each  side  of  the  neck  ran  a  vein  wath  the  pneamo- 
gastric  nerv^e ;  but  that  on  the  left  side  was  not  bigger  than  a  crow- 
quill,  while  that  on  the  right  had  a  diameter  at  the  lower  part  of 
the  neck  of  two-thirds  of  an  inch.  This  condition  is  constant  in  many 
birds. 

This  right  (practically  the  only)  jugular  vein,  after  coursing 
about  half  or  a  little  more  up  the  neck,  sent  two  branches  to  the 
head,  the  second  runoiug  in  the  middle  line,  just  behind  the  trachea 
and  in  front  of  the  oesophagus,  the  first  being  a  direct  coutinnation  of 
the  main  trunk. 

The  intestinal  canal  was  34  feet  long ;  and  the  two  coDca,  each 


•  The  prcaence  of  the  two  CArotids  in  this  bird,  wliilo  there  ia  only  on^  in  Skeat 
would  require  that  they  sbould  be  fiir  separated  in  Nit«»cli*H  claaaitication  of  birds 
According  to  the  rauinber  of  llwse  Tesaels — tlie  Ostrich  being  in  hii  first  cki^s,  with  a 
cmrotjd  from  ctkch  main  aortic  brnQch^  and  th«  Rhea  in  the  fourth  claaa,  with  only 
the  left  deTfloped.    Sec  Nitx»ch*8  'Tterylograpliy  '*  (EugUsh  edition),  App.  p.  171* 
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2  feet  long  and  arranged  like  a  spirallj  twisted  cone,  were  situated 
11  feet  from  the  pylorus,  which  is  very  dilEerent  from  their  situation 
in  mofit  birds,  as  has  been  noticed  by  Owen. 

The  diaphragm  was  weU  marked.  It  formed  a  partition  which 
divided  ihe  thoracic  cavity  into  two  parts,  one  posterior  and  small 
containing  £he  lungs,  and  the  other  anterior  and  large  containing  the 
heart  and  Ever.  It  was  a  fibrous  membrane,  concave  forwards,  with 
a  mnfiddar  attachment  at  either  side  to  the  ribs  and  intercostal 
tifisnes,  -Which  k  joined  in  about  the  middle  of  their  course.  This 
muscular  part  was  formed  of  transverse  £bres  in  the  middle  and  upper 
part  of  the  diest,  while  the  lower  ones  slanted  slightly  upwards  as 
they  coursed  towards  the  median  line.  They  were  about  2  inches 
long,  and  formed  a  thin  layer.  The  pleural  cavity  was  closed  above 
and  below  by  the  fibrous  diaphragm  becoming  blended  with  the  first 
and  last  ribs. 

The  anterior  thoracic  cavity,  which  contained  the  pericardiiun»»j 
coated  heart  in  its  upper  part,  entirely  independent  of  the  pleurall 
cavity  I  was  divided  into  two  by  a  dense  fibrous  membrane 
sprang  from  two  vertebral  crura,  much  as  the  human  diapl 
and  estended  above  the  line  to  join  the  sternum,  along  the  borderl 
which  articulated  with  the  ribs,  leaving  the  heart  entirely  in  front  ofi 
it  J  its  concavity  was  directed  downwards  and  forwards ;  and  it  wa 
separated  from  the  diaphi-agm  praper  by  very  large  air-cells. 
CBBophagufi  also  ran  in  the  interval ;  but  the  aorta  was  included 
the  pleural  cavity,  being  clearly  seen  through  the  membrane  of  tfa 
diaphragm,  along  the  median  line,  before  its  removal. 

The  liver  was  completely  separated  from  the  abdominal  cavitj  hf  ' 
a  fibrous  membimne,  eo  that  when  the  included  viscera  had  been  re- 
moved it  was  not  at  all  brought  into  view.     The  mesentery  was  veiy 
dense  and    strong,   the  vessels,  especially  the  veins,  being  of  large 
size. 

F^  S59.        Some  further  points  in  the  anatomy  of  ihiB  bird  are  tiot  without 
interest. 

There  are  three  parietal  abdominal  mnpcles  as  nsnal,  the  mnsenlar 
fibres  of  the  external  and  internal  being  nearly  parallel  and  transv 
while  those  of  the  interine<3iate  one  are  longitudinal.  They  each  i 
down  a  dense  fascial  attachment  to  the  pubic  bone ;  and  a  semilunar 
free  margin  between  the  ilium  and  the  superior  pubic  crest  appears 
closely  allied  to  Ponpart's  ligament,  the  anterior  crural  vessels  and 
nerves  going  underneath  it  to  enter  the  leg*  It  may  be  hero  men- 
tioned that  the  main  vein  of  the  tbigh  is  the  internal  saphenous;  but 
the  main  artery  is  the  one  that  goes  through  the  sciatic  notch,  then>> 
fore  the  sciatic*  The^^e  come  into  relation  with  one  another  in  tho 
loop  for  the  biceps  tendon  at  the  knee. 
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Exactly  in  the  middle  of  the  anterior  border  of  the  pubic  portion 
of  the  innominate  bone  there  is  a  small  thin  plate  of  osseous  tissue 
which  is  connected  with  the  pnbis  by  strong  tibroES  bands,  and  which 
is  continued  anteriorly  and  superiorly  by  cartilage  for  some  distajice, 
when  it  becomes  continuous  with  the  tendons  of  the  parietal  abdo- 
miual  muscles,  being  most  connected  with  the  external  oblique. 


^ 


^ 


^ 


Portions  of  the  external  furfoce  of  the  left  pubis  and  bchiiim  of  the  Ostrich.  Thi? 
■mall  oaaeoua  plate  {a)  attached  to  the  pubis  is  represented  partly  surroimded  bj 
cartOago* 

In  dry  skektons  a  sliglit  thickening  of  the  anterior  border  of  the 
pubic  bone  indicates  the  attachment  of  this  ossification  in  most ;  but 
in  one  of  the  three  skeletons  in  the  British  Museum  this  bone  is  an- 
chylosed  on  one  side,  and  Mr*  GeiTard  haa  specimens  in  which  both 
are  still  attached.  A  diagram  of  the  Ostriches  pelvifl  in  Mr.  Haughton's 
paper  also  shows  this  bone  anebylosed^  though  no  mention  b  made  of 
it  in  his  paper. 

It  wonld  be  extremely  i  uteres  ting  to  make  out  the  homology  of 
this  Hmall  but  perfectly  independent  ossification.  Its  relation  to  the 
mtiacles  of  the  abdominal  wall  would  favour  the  idea  of  its  corre-  ^^^^  SGO. 
spending  to  the  marsupial  bone  of  the  Kangaroo  and  its  allies ;  and 
if  that  is  the  caae,  the  whole  of  the  anterior  prolongation  of  the 
Ostnch*s  pubis  would  correspond  to  the  suiall  ridge  of  bone  oo 
either  side  of  the  superior  margin  of  the  symphysis  pubia  in  the 
Mammalia. 

The  ohtnraim'  tntertius  also  arises  from  the  superficial  surface  of 
this  bone  and  its  cartilage,  as  well  as  from  the  adjacent  surface  of 
the  ischium  and  from  the  pubis,  extending  so  far  forward  that  the 
mnadea  of  the  opposite  sides  are  only  separated  from  one  another  by 
an  inch  or  so  at  the  Bymphysis  pubis. 

B  2 
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Mr.  Macalister,  in  his  description  of  tlie  myology  of  tliis  bird,  has 
omitted  a  few  of  the  muscles,  some  of  which  from  the  head  will  he 
described,  iogether  with  those  of  the  leg,  which  Mr,  Frank  Darwin 
haa  allowed  me  to  in  trod  arc  in  this  communication,  from  his  notes 
and  the  dissection  of  that  limb  in  thia  indiTidual  specimen. 

FterijgmiL — ^From  the  inferior  snrfaoe  of  the  posterior  part  of  the 
palate-bone,  and  from  the  process  of  bone  which  connects  it  with 
the  main  portion  of  it,  this  is  fibrous — also  from  the  whole  of  the 
inferior  sarface  of  the  pterygoid  hone,  extending  inwards  almost  to  the 
basis  ph  en  o  i  d  al  ro  s  trnm . 

The  fibres  are  all  directed  back  war  ds,  and  are  inserted  in  two 
ways : — ^the  outer,  and  some  of  those  from  the  palatine  longitudinal 
process,  into  the  anterior  snrfac©  of  the  transverse  ridge  at  the 
angle  of  the  mandible,  which  posteriorly  receives  the  insertion  of  the 
digastric  mnsclc ;  the  inner,  and  othera  from  the  palate-bone,  into  a 
fibronB  band  which  mns  from  the  side  of  the  median  Eustachian 
aperture  and  it^  enrtilaginons  continuation  to  the  prominent  ridge 
hcliind  and  internal  to  the  condyloid  articnlar  surface  for  the  man- 
dible, thns  forming  an  arch  under  which  mn  the  arteries  and  veins 
to  the  head. 

This  second  portion  of  the  muscle  acta  partly  as  an  opener  of  the 
Enstaehian  aperture,  partly  as  a  retractor  of  the  slightly  movable 
pterygoid  and  palatine  bones. 

Quadrah-manfJihular, — From  the  whole  of  the  longitudinal  ridge ^ 
which  forms  the  superior  internal  portion  of  the  quadrate  bone,  and 
from  the  surface  of  the  bone  external  to  it.  The  fibres  are  directed 
outwards  and  downwards  to  be  insert^  into  the  inner  surface  of  the 
mandible,  in  front  of  the  articulation,  not  extending  to  the  inferior 
margin,  nor  forwanls  further  than  the  optic  foramen, 

Qnadrato-craniaL — From  the  back  of  the  orbit,  below  and  behind 
the  origin  of  I  he  recti  muscles  and  the  exit  of  the  nerre,  from  a 
surface  bounded  above  by  a  semicircular  line,  and  extending  down  in 
the  space  between  the  orbit  and  the  quadrate  bone.  The  fibres  are 
directed  outwards  to  the  correspond  ing  internal  surface  of  the  qnmd- 
rnte  bone^  a  slight  ridge  separating  the  superior  ones  from  those  of 
the  quadra  to -mandibular. 

Gcuftroenemiu^  consists  of  two  enormous  masses  of  muscle  blending 
together  at  their  origins  round  the  proximal  end  of  the  tibia,  and 
separating  lower  down  into  the  gastrocnemius  antiens,  which  laps 
¥n^  3CiL  round  the  anterior  half,  and  the  gastrocnemius  posticus,  which  sur- 
rounds the  back  part  of  the  tibial  section  of  the  limb.  Gastrocnemius 
anticus  arises  partly  from  the  tibia,  partly  by  blending  with  gastiO0> 
nemius  posticus ;  the  latter  arises  from  the  distal  extremity  of  ibe 
femur,  the  tendon  of  the  quadriceps  extensor  and  patella^  and  - 
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tlie  libia.  At  the  tibio- tarsal  joint  tho  gastrocnemii  form  a  sheath 
fitting  into  the  trochlea  of  the  tibia  for  the  passage  of  the  flexor 
ten  dons  of  the  toes ;  this  ia  effected  hy  the  teadons  becoming  very 
mucti  thickened  aad  semicartilaginoas  (especially  gafitrocaemiua  pos- 
ticus), and  uniting  with  each  otlier  at  their  edges,  the  anterior  element 
of  the  sheath  being  formed  by  gastrocnemius  anticus,  the  posterior  by 
gastrocnemius  posticus.  Just  above  the  joint,  gastrocnemius  anticus 
sends  off  a  elip  which  passes  dowTi  in  a  special  sheath  along  the  outer 
Burface  of  the  contiguous  heads  of  tibia  and  tarao -metatarsal  bone,  and 
is  inserted  into  the  tendon  of  flexor  per  fo  rat  us.  Gastrocnemius  anti- 
cus is  inserted  into  the  posterior  surface  of  the  tarso-me  La  tarsal 
bone  just  below  the  tibio-fcarsal  joint.  Gaetrocnomiua  posticus  is 
inserted  into  the  external  and  intci'nal  lips  of  the  posterior  border  of 
the  tarso-raetatarsal  bone,  forming  a  sheath  for  the  piissage  of  the 
flexor  tendons ;  it  subftet|ueiitiy  forms,  with  a  "  sesamoid  "  cartilage 
pi^sently  to  be  described,  a  pulley  for  the  same  tendons  at  the  tarao- 
phalangeal  joint,  and  ends  by  blending  with  the  fascia  covering  the 
sole  of  the  foot,  Mr.  Maca lister*  describes  the  gastrocnemius  as 
ending  in  one  tendon  only,  which  he  says  forms  a  sheath  for  the 
deeper  tendons  on  the  hack  of  the  metatarsus* 

The  flexors  of  the  toes  arc  flexor  magnas  (perforatuB),  flexor  per- 
forans,  flexor  extemi  digiti,  flexor  infcerosseus,  flexur  profundus. 

Flexor  mngnus  arises  (1)  by  a  tendon  from  the  upper  part  of  the 
external  surface  of  the  outer  condyle  of  the  femur,  the  teudon  windiog 
over  the  knee^  and  then  ending  in  the  muscle ;  just  befoi*e  it  does  so, 
it  receives  the  insertion  of  the  rectus  femoris  (Cuvior  and  Meckel), 
(the  pectineus  of  Owen);  (2)  from  posterior  surface  of  distal  end  of 
femur;  (3)  proximid  end  of  tibia.  The  muscle  ends  in  a  broad 
tendon,  which  passes  through  the  gastrocnemial  sheath  at  tho  tibio- 
tarsal  joint,  and  is  here  pierced  by  the  tendon  of  flexor  externi  digiti. 
It  passes  down  the  tarso- metatarsal  bone  in  the  sheath  formed  by 
gastrocnemius  posticus,  receiving  a  tendinous  slip,  already  described, 
from  gastrocDemius  auticus.  At  the  tarso-phalangeal  joint  it  passes 
through  a  sheath  formed  anteriorly  by  a  **  sesamoid  '*  cartilage, 
posteriorly  by  the  tendon  of  gastrocnemius  posticus.  This  cartilage 
is  ligamentously  attached  to  the  proximal  end  of  the  first  phalanx  of 
the  internal  digit,  and  to  the  synovial  membrane  of  the  tarso-pha- 
langeal  joint ;  it  is  deeply  grooved  posteriorly  for  the  flexor  tendons, 
and  has  two  shallow  grooves  on  its  anterior  surfaee,  which  fit  on  to 
the  condyles  of  the  tarso -metatarsal  bone  whcin  the  digits  are  ex- 


•  Ali!XJiad(!T  Mftcaliflter^  L.R.CS.l.,  Di^uuiiiatrulor  of  Aiistomy,  Rojid  College 
ol  Sii^eoQi,  "  On  tho  AnutoTD J  of  the  Oistrkh  {Sirttlhw  cam<hi),"  **  PrcNM^Khuga 
of  ihc  SUtj^  Irish  Acadom^/*  IX.  Tart  1  (im>5). 
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tended ;  there  is  a  smaner  **  sesamoid  *'  cartilage  for  the  external 
digit.  A  small  mnscle  arises  from  the  larger  cartilage  and  bj  a  few 
Page  362.  fibres  from  the  smaller  one,  and  is  inserted  into  the  anterior  surface  o| 
the  flexor  profundna  tendon.  The  flexor  magnns  is  pierced,  as  it 
passee  throngh  the  sesamoid  sheath  or  polley,  by  the  tendons  of  flexor 
profnudus  and  flexor  perforans,  and  ends  by  dividing  into  two  slip3,| 
which  are  inserted  into  the  proxioaal  end  of  the  second  phalanx  of  tho 
internal  digit. 

Mr.  Macalister  gives  as  the  origin  of  the  flexor  magnna  the  deep . 
pit  above  the  condyles  of  the  femur,  the  tendon  of  the  rectus  femoria, 
the  external  lateral  ligaments,  and  the  back  of  the  fibula.  In  the 
specimen  which  I  dissected,  the  tendon  of  the  rectos  femoris  was  much 
smaller  than  the  teadinoua  head  of  the  flexor  profnndns,  and  was  in- 
serted into  it,  which  is  an  arrangement  differing  very  slightly  from  its 
usual  insertion  in  birds,  which  is,  I  believe,  into  the  fleshy  part  of 
flexor  magnna  (Owen,  "  Anat.  Vert,,"  Vol  II,  p.  107). 

The  Rev.  S.  Hanghton*  describes  the  rectus  as  becoming  provide<l| 
with  a  second  museular  belly  {p,  53),  which  dcKJS  not  all  describe  it«  • 
condition  in  my  specimen.     He  considers  this  "  digastric  rectus  femoris 
muscle  '*  to  be  **tbe  key  to  the  explanation  of  the  complicated  muaoa* 
lar  apparatus  of  the  Ostrich's  leg  "  (p.  50).      Speaking  of  it,  he  saja, 
"  It  acts  before  the  extensor  nmscles  come  into  fall  play  i   it  binds 
down  the  two  patelloB,  braces  up  the  heel-joint,  and  gives  the  signal 
for  the  m.  gastrocnemio-solffius  and  other  associated  muscles  to  con- 
tract, and  thus  produces  what  may  b©  regarded  aa  one  of  the  mc 
sti'iking  phenomena  in  nature,  viz,,  that  the  delicate  bones  and 
ments  of  a  bird's  leg,  acted  on  by  muscles  equal  to  those  influencing  i 
hornets  hind  leg,  shall  remain  nninjared  under  the  sudden  action  of 
forces  the  slightest  error  in  tlie  application  of  which  would  break  to 
pieces  the  machinery  on  which  they  act."     This  arrangement  of  tli 
rectus,  which  Mr,  llaughtou   considers  so  important,  is  only  a  wcU*| 
developed  form  of  what  is  found  in  most  birds,  and  which  ProfeBSorl 
Owen  says  is  used  in  perching,  by  flexing  the  toes  when  the  knee  J 
bent  (loc.  cit.) 

Mr.  Macalister  does  not  mention  the  mnscle  f n^m  the  flexor  piofun- 
duH  tendon  to  tbe  sesamoid  cartilnge ;  but  says  that  the  flexor  magnum 
sends  a  slip  to  it.  The  function  of  this  muscle  must  be  to  keep  the 
pulley*lik6  seeamoid  cartilage  flrmly  in  its  place  when  the  toes 
extended  preparatory  to  their  flexion  in  the  spring  of  the  bird. 


•  TIh'  Rct,  S.  lluuglitoiii  M.D.,  '*  Kotei  on  Anitiial  Mecliaiuca*— No.  3.    On  1 
MuMultir  Mechttnit^ni  i4  the  Leg  of  the  Ostnrh,"  *'  Proceedings  of  the  Eojal  Ao 
of  DubUii;^  DC.  Turt  I  (1865). 
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Flexor  digiti  vntemi  arises  from  tHe  ontside  of  the  tnbercle  of  the 
tibia,  and  from  the  tendon  of  the  qnadriceps  extensor ;  the  tendon 
passes  through  the  gastrocnemial  sheath  and  the  sesamoid  pulley.  It 
pierces  the  flexor  magnns,  receiving  a  tendinous  slip  from  it,  and  then 
spreads  out  and  binds  the  tendon  of  the  flexor  profundus  to  the  grooved 
under  sur&use  of  the  second  phalanx  of  the  internal  digit,  and  is  in- 
serted by  two  slips  into  the  proximal  end  of  the  third  phalanx. 

Flexor  digiti  extemi  arises  from  the  posterior  surface  of  the  distal 
end  of  the  femur,  and  from  the  tendinous  head  of  flexor  magnus.      It 
passes  through  the  gastrocnemial  sheath,  pierces  the  tendon  of  flexor  Page  363. 
magnus,  passes  through  the  lesser  sesamoid  sheaths,  and  is  inserted 
into  each  of  the  three  proximal  phalanges  of  the  external  toe. 

Flexor  profimdus  arises  by  two  heads — one  from,  the  posterior  sur- 
face of  distal  end  of  femur,  the  other  from  the  posterior  surface  of  the 
upper  half  of  the  tibia  and  part  of  the  fibula.  The  tendon  of  the 
external  muscle  passes  at  the  tibio-tarsal  joint  through  a  canal  in  the 
tendon  of  gastrocnemius  anticus.  The  inner  tendon  does  not  enter 
the  gastrocnemial  sheath  till  below  the  joint ;  it  passes  down  the  inner 
surface  of  the  contiguous  ends  of  the  tibia  and  the  tarso-metatarsal 
bone,  bound  down  to  them  by  a  special  aponeurotic  sheath,  and  joins 
the  outer  tendon  near  the  tarso-phalangeal  joint.  The  common  tendon 
passes  over  the  sesamoid  pulley,  piercing  the  flexor  magnus  tendon ; 
it  is  here  much  thickened  and  hardened,  and  fits  into  the  grooved 
and  thickened  tendon  of  flexor  perforans.  It  is  inserted  into  the 
fourth  phalanx  of  the  internal  toe,  sending  off  a  short  strong  slip 
to  the  third  phalanx,  and  an  elastic  slip  to  the  second  phalanx,  as 
well  as  a  small  but  long  slip  to  flex  the  fifth  phalanx  of  the  external 
digit. 

Mr.  MacaJister  describes  the  tendon  of  the  flexor  profundus  as  being 
inserted  only  into  the  last  phalanges  of  both  digits ;  the  insertion  as 
it  was  in  my  specimen  accords,  I  believe,  with  the  usual  condition  of 
this  tendon  in  birds. 

The  flexor  interosseus  is  a  delicate  and  weak  muscle,  which  con- 
sists of  numerous  very  short  oblique  fibres  arising  from  the  posterior 
surface  of  the  tarso-metatarsal  bone,  and  inserted  into  an  aponeurosis 
stretching  the  whole  length  of  the  muscle ;  this  aponeurosis  ends  in 
a  tendon  which  is  inserted  into  the  outer  surface  of  the  first  phalanx 
of  the  external  digit.  Its  action  appears  to  be  to  abduct  and  flex  the 
toe. 

A  small  muscle  which  Mr.  Macalister  does  not  describe,  but  merely 
mentions  as  probably  representing  the  dorsal  interosseus,  arises  from  a 
small  triangular  space  on  the  anterior  surface  of  the  distal  end  of  the 
tarso-metatarsal  bone,  and  is  inserted  into  the  capsular  ligament  of 
the  tarso-phalangeal  joint.      There  were  some  differences  between  the 
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specimen  whicli  I  dissected  and  that  described  bj  Mr.  Macalister,  in 
the  precise  origin  of  some  of  the  mnscles,  which  I  have  not  thought 
to  be  worthy  of  note. 

The  extensor  communis  di^ttortim  presents  no  pecnliaritaes ;  the  very 
small  extensor  unguis  mentioned  by  Mr.  Macalister  was  present. 
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15.   ON   THE  MECHANISM  OF  THE   GIZZARD  IN 

BIRDS.* 

NoTwrrHSTANDiNQ    the    fact    that    the    external    form    and  general  ^"g®  ^25. 
Btractnre  of  the  gizzard  is  known  to  almost  every  one,  very  little  seems 
to   have  been   made  oat  as  to  the  means  by  which  this  organ  is 
enabled  to  crush  and  render  available  for  nutrition  the  hard  grains 
taken  as  food. 

By  most  writers  the  gizzard  is  supposed  to  act  as  a  grinding-mill, 
moving  from  side  to  side,  assisted  in  its  work  by  sharp-pointed  stones 
which  its  owner  swallows  for  the  purpose.  This  was  evidently  the 
opinion  of  Hunter,  though  he  seemed  scarcely  satisfied  on  the  point 
when  he  found  that  there  was  no  perceptible  lateral  movement  of 
the  muscular  masses  daring  digestion. 

Harvey  gave  a  very  good  description  of  the  action  of  the  gizzard, 
as  far  as  he  knew  it,  in  his  description  of  the  abdominal  viscera  of 
the  common  fowl  (*'  On  Generation,"  Exercise  vii)  ;  and  Hunter  is 
the  only  physiologist  who  seems  to  hav&  worked  at  the  subject  since 
that  time. 

The  structure  of  the  gizzard  as  a  specialised  organ  is  best  seen  in 
the  Anserine  birds ;  and  that  of  the  Goose  will  be  now  described. 

Externally  it  is  circular  when  looked  afc  from  in  front,  oval  from 
the  side,  and  fusiform  from  above  or  below.     The  oesophagus  enters 
it  as  a  large  infundibuliform  tube,  with  the  broader  end  downwards 
at  its  highest  point ;  and  the  duodenum  is  continued  out  of  it  behind  Page  526. 
and  above. 

The  organ  may  be  shown  to  consist  of  two  lateral  masses  of 
muscle,  with  an  oblong  cavity  between  them,  which  opens  above  and 
below  into  two  sacs,  with  muscular  walls  of  nearly  uniform  thickness. 

The  anterior  superficial  circular  view  presents  the  appearance  of  a 
central  tendinous  area,  from  which  four  lines  radiate,  nearly  at  right 
angles  to  one  another,  in  an  X-like  manner.  The  upper  and  lower 
median  areas  between  the  corresponding  limbs  of  the  X  are  muscular 
and  rounded  at  the  margin,  vnth  the  fibres  directed  to  the  central 
tendon.  The  lateral  spaces  are  covered  with  glistening  tendon,  which 
at  the  edges  shades  into  muscular  fibres,  not  in  this  case  curved,  but 
straight  and  consequently  squared  off. 

The  superior  and  inferior  median  portions  are  parts  of  the  walls  of 

•  "  Proceedings  of  the  Zoological  Society,"  1872,  pp.  525-9.    Kead,  April  16, 
1872. 
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the  coirespondrng  cavities  already  mentioned  j  and  tlie  oasophagofl 
enters  tlie  former  at  ita  inner  angle,  close  t-o  its  junction  with  the 
right  lateral  mass  ;  the  dnodennm  being  behind* 

The  lateral  masses,  with  theii*  toudinoaii  coverings,  are  the  mos- 
eular  portions;  and  the  cavity  between  them  is  just  behind  the 
central  tendon » 

The  epithelial  lining  of  the  whole  organ  is  very  dense,  and  is  con- 
tinnons  through  the  different  cavities,  terminating  abruptly  at  thai 
entrances  to  the  ccsophagua  and  the  duodenum.  Very  shortly  after 
the  death  of  the  bird  it  can  be  stripped  off  entire,*  It  is  particularly 
dense  where  it  covers  the  two  lateral  muscles,  and  generally  forms  j 
callous  oval  pad  over  each,  which  has  to  receive  most  of  the  force  of 
the  muscular  walls  aa  they  act  on  the  stones  and  food. 

The  central  tendons,  one  in  front  and  the  other  behind,  are  very 
strong;  and  so  are  the  fibres  wkich  radiate  outwards  from  them; 
they  are  almost  entirely  connected  with  the  lateral  muscles. 

The  lateral  muscular  masses  have  their  fibi-es  all  tending  forwards 
and  backwards,  each  being  inserted  into  both  the   front   and   back 
tendinous  expeuision^  the  central  being  nearly  straight  and  the  lateral] 
ones  being  carved  slightly  outwards  in  the  middle  of  their  course. 

The  superior  and  inferior  sacs  are  surrounded  by  muscular  bands 
which  bow  over  from  front  to  back,  being  inserted  into  those  parts  of 
the  margin  of  the  central  tendon  to  which  they  are  opposite.  By 
their  contraction  they  reduce  the  size  of  the  sacs  and  force  any  thing  1 
they  contain  between  the  lateral  muscles,  a  considerable  fold  of  the 
gizzard-lining,  which  acts  as  a  kind  of  valve,  preventing  any  stones 
entering  the  duodenum* 

The  action  of  the  lateral  muscles  can  be  Ijest  understood  by  obsenr^i 
ing  a  horizontal  section  made  through  the  middle  of  the  gizzard* 

The  section  is  fusiform  and  exhibits  a  central  obloug  cavity,  short 
from  side  to  side,  bounded  before  and  behind  by  the  central  tendons, 
and  laterally  by  the  triangular  muscnlar  masses. 

The  accompanying  figure  and  the  above  description  show  that  in 
Tngp  527,  the  gizzard  there  is  no  mechanism  which  conld  in  any  way  produce 
any  lateral  movement  of  the  one  mass  of  muscles  on  the  other;  and  i^' 
is  difficult  to  conceive  any  epithelium,  however  homy  and  dense,  that 
could  resist  the  t earing- st rain  which  would  necessarily  be  associated 
with  such  movement,  in  addition  to  which  several  gizzards  that  baT 
passed  through  my  hands  have  been  so  loaded  with  fat  or  adherent 
the  abdominal  walls,  that  any  lateral  movement  moat  have 
impossible  in  them. 


•  This  ccttt  is  considered  by  recent  Germiin  authoritiea  to  be  a  tocretion  trcmj 
the  deep  gland*,  not  &d  epithelium. 
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Fig.  2. 


Fig.  1.  HoriKontaJ  section  of  Uu  gi/zjid  in  a  ftate  of  relaxation. 
Fig.  2.  The  snuie  in  a  fully  contracted  tittitc. 

The  following  explanation  of  tlie  action  of  the  gizzard  as  a  simple 
crushing-organ  aeemB  to  me  mucli  more  in  accordance  with  the  known 
principles  of  animal  mechanics. 

As  is  well  known,  muscular  tissne,  when  it  contracts,  does  not 
alter  in  volume,  but  gains  in  breadth  what  it  lofiea  in  length  during 
its  action*  Consequently  when  a  large  mass  of  short  museular  iibres 
contraote  it  mtist  alter  its  shape  considerablj,  increasing  greatly  iii 
breadth. 

This  fact  being  borne  in  miud^  the  action  of  the  gizzard  ia  easily 
explained. 

The  two  enormous  lateral  muscles,  with  their  fibres  tending  for- 
wards and  backwards,  when  relaxed,  have  a  large  cavity  between 
them,  into  w^hich  the  seeds  n-nd  stones  are  thrust  by  the  simultaneous  p^j^.^  520^. 
contraction  of  the  saperior  and  inferior  muscular  bags.  Directly 
these  have  become  fully  contracted,  the  lateral  muscles  act ;  and  by 
approximating  the  anterior  and  posterior  tendons  they  become  greatly 
expanded  laterally.  But  thiB  expansion  can  take  place  in  one 
direction  only^namely,  towards  the  gizzard -cavity ;  for  the  anterior 
and  posterior  tendons  being  situated  obliquely  with  regard  to  one 
another,  and  the  contraction  taking  place  tbrongh  the  whole  mafis. 
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expansion  can  only  occnr  towards  the  base  of  tlie  triangle,  Tbc 
motion  in  this  direction  is  furthered  bj  the  arraug^iment  of  some  of 
the  muBcular  fibres,  as  can  be  seen  on  close  inspection  of  the  section  of 
the  relaxed  gizzard ;  for  the  dense  homj  pads  above  referred  to  are 
cupped  on  their  attached  snrfaces,  and  the  fibres  rnn  from  one  margin 
of  this  cup  to  the  other,  in  an  arched  manner,  as  seen  in  the  section. 
ThoHc  fibres  just  above  the  cup  are  arched  also  in  the  same  waj,  and 
the  epithelial  margins  of  the  cup  are  more  yielding  than  elsewhere. 
Consequently,  wben  the  contiiiction  occurs,  the  fibres  straightening 
reduce  the  an tero -posterior  diameter  of  the  cup  and  make  the  pad 
more  convex  towards  the  intermediate  cavity,  and  push  eacli  towards 
its  fellow,  this  action,  combined  with  that  of  the  other  more  marginal 
fibres,  producing  a  moist  powerful  couxpression  of  the  contents. 

The  great  force  exercised  laterally  by  the  contraction  of  a  mnscle 
can  be  well  shown  by  tying  a  piece  of  tape  round  the  middle  of  the 
arm  proper,  and  tlien  causing  the  biceps  to  contract  forcibly,  wherebjT 
tlie  tape  is  broken. 

As  remarked  by  most  writers  on  the  subject,  every  intermediate 
condition  of  musculartty  of  stomach  may  be  found  in  birds,  from  the 
simple  non-tendinona  one  of  the  Raptores  and  others  to  the  most 
muscular  of  the  Anserine  birds.  The  degree  of  muscnlarity  depends 
on  the  nature  of  the  food  which  the  bird  obtains,  as  shown  by  Hunter^ 
experiment,  in  which  he,  by  giving  animal  food  to  a  duck  (I  believe),* 
caused  a  great  diininntiun  in  the  muacnlarity  of  its  gizzard. 

The  state  of  the  bird  as  to  health  also  influences  the  development 
of  the  muscular  fibres,  the  heart  and  gizzard  being  very  similarlj 
affected  by  impaired  nutrition. 

In  the  Gallinaceous  and  Passerine  birds  there  is  seldom  a  catloas 
pad  formed  over  the  lat-eral  muscles,  the  epithelium  being  generally 
plicated  at  right  angles  to  the  direction  of  the  muscular  fibres;  and  in 
them  the  organ  seems  to  be  a  more  simple  squeezing- organ,  thongb 
when  rigor  mortis  occurs  in  a  contracted  gizzard  it  is  seen  that  the 
mnaeular  masses  are  convex  on  their  opposed  faces. 

From  these  remarks  and  what  lias  been  previously  observed  oo 
the  subject,  the  following  summary  statement  may  be  made : — 

The  gizzard  is  an  organ  which  crushes,  and  so  renders  assimilable 
the  harder  |>ortions  of  the  food  of  birds.  This  food,  having  been 
previously  macerated  in  the  proven  trie  u  I  us  or  crop,  is  thrust  between 
the  lateral  muscles  (where  it  gets  mixed  with  the  small  sharp  stones 
PteD  629.  ^^'  oieets  tbero)  by  the  contraction  of  the  superior  and  inferior  gisxard- 
sacs — u|K>n  which  these  lateral  muscles  contract  simultaneously ;  and 
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•  [Tlif  bird  exporinientod  on  wft»,  In  reahtVi  a  tea -gull. 
Lwtupes  tiiA  C^mpumtive  Anfttotny.*'  L  p.  3f7L  1814.  Kn.] 
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their  arrangement  is  snch  that  all  the  force  of  their  contraction  is  con- 
verted into  a  compressing  force  at  right  angles  to  their  direction. 
This  force,  hy  tending  forcibly  to  obliterate  their  included  cavity, 
comminntes  the  more  yielding  of  their  contents  and  squeezes  from 
between  them  the  resulting  chyme,  which  finds  no  difficulty  in  enter- 
ing the  small  orifice  to  the  duodenum.* 

*  Since  writing  the  abore,  I  find  there  ia  a  peculiarity  in  the  gizzard-pads  in  the 
swan  and  gcx>8e,  which  causes  a  slight  up  and  down  movement  of  the  lateral  mus- 
cular masses  when  in  action.  The  lower  end  of  one  pad  and  the  upper  end  of  the 
other  are  much  more  strongly  developed  and  are  thicker  than  the  rest ;  this  causes 
them  to  present  a  surface  of  contact  one  with  the  other,  which  is  somewhat  ohlique 
with  regard  to  the  axis  of  the  lateral  muscles.  Consequently,  when  these  muscles 
come  into  play,  the  ohlique  surfoces  tending  to  come  into  contact,  the  material  to 
be  crushed  intervening,  they,  being  opposed  inclined  planes,  slide  slightly  on  one 
another,  the  one  mass  rising  while  the  other  descends.  During  the  diastole  of  the 
gizzard  it  resumes  its  former  relations,  and  a  reverse  sliding  occurs. 
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16.    NOTES  ON  THE  ANATOMY  OF  THE  HUIA  BIRD 
{HETERALOCIIA  GOULDJ),^ 

Pag<»  643,  A.  ITYTNG  specimen  of  Hetcrahcha  gouldi  {Neomorpka  goulii^  Gould,  B. 
of  Australia,  lY.  PI.  xix)  was  obtained  bj  tbe  Society  on  May  llth, 
1870|  as  was  annonnced  by  Mr,  Sclater  in  tlie  **  Proceed  ings^**  1870* 
p.  383*  It  died  on  the  28th  of  February,  1872,  in  a  much  emaciated 
condition,  but  without  organic  disease. 
Page  fi  J-l.  The  following  notes  relate  to  its  anatomy,  and  may,  I  tmst,  aBsist 
in  enabling  its  affinities  to  be  more  easily  determined. 

Ftetylosis. — The  arrangement  of  the  feathers  is  completely  passerine. 
The  rhombic  saddle  of  the  spinal  tract  does  not  enclose  any  epbippiikl 
j^pace,  therein  differing  from  the  Crow's  and  resembling  the  typical 
Starling's.  There  are  nineteen  remiges,  of  which  ten  are  on  the 
hand  ;  they  increase  in  size  up  to  the  fifth*  The  rec trices  are  twelve 
in  nnmber.     The  oil-gland  is  nude. 

T(mgue. — Simple,  homy,  one- third  the  length  of  the  beak.  It 
forms  a  flat  elongated  triangle,  slightly  bifid  at  its  aper,  and  a  little 
prolonged  backwards  at  its  lateral  borders,  enclosing  a  curved  liae 
for  the  base,  the  concavity  being  backwards  and  carrying  retro  veiled 
papillsB. 

The  mucous  membrane  of  the  palate  extends  forward  as  far  as 
the  middle  of  the  tongue ;  that  of  the  mandible  goes  a  little  farther. 

At  the  angles  of  the  moutb»  just  below  the  eyes,  are  two  yellow 
oval  cutaneous  expansions,  fixed  in  front  and  free  at  their  borders  elso* 
where ;  they  appear  as  if  ih^ij  were  prolon Rations  outwards  of  tJie 
mucous  membrane  of  the  angles  of  the  mouth,  which  had  been  reflected 
backwards — they  being  continuous  in  front,  round  the  margins,  with 
the  mucous  membrane. 

Syrinx. — As  in  Corms  and  moat  of  the  Old-World  Passerines. 

IntesUfies* — The  gizzard  is  well  developed.  The  intestines  are  16 
inches  long,  with  the  bile-ducts  2^  inchfis  from  the  gizzard.  Tb© 
eieea  are  one  inch  from  the  cloaca  and  |  inch  long,  being  cylindricaL 

Arterial  SyiUm, — There  is  one  carotid  artery,  the  left. 

Foot. — The  hind  toe  is  slightly  longer  than  the  middle  anterior  toe. 
Tn  arrangement  the  tarsal  scutes  are  similar  to  those  of  Oorvu§  and 
most  Passerines.     Their  colour  is  blue- black. 

Skulh — The  palate  (Pig.  2)  is  strictly  a&gitbogn&thoQA  j  that  ta. 


•  "  Proooedinfi  of  the  Zoologiad  Societj," 
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nor  with  the  vomer,  whicli  they  partly  embrace.     There  is  no  os^6cs- 
tion  in  the  nasal  septum  anterior  to  the  vomer. 

The  whole  cranial  eonfig-oration  (Fig.  1)  closely  resembles  that  of 
Stunms ;  but  the  mandible,  instead  of  being  bent  upwards,  is  straight. 
Like  it,  the  palatines  are  narrow  and  approximate  ;  the  antero-iatemal 
angles  of  the  posterior  portions  of  those  bones  are  reduced  and  rounded 
off,  as  is  sometimes  the  case  with  Stunius  (Mus-  Roy.  Col.  Surg.  Na. 
1539j  Osfc.  Coll.).  The  vomer  is  completely  truncated  in  front,  and 
is  not  prolonged  forwards  at  its  external  angles,  as  in  Corvut  and  its 
all  if  a. 

The  zygoma  is  not  so  slender  as  in  Sturnus ;  but  the  curves  are 
similar.  The  articular  surfaces  on  the  quadrate  bone  for  the  mandible 
are  proportionally  ygtj  large. 

The  anterior  extremities  of  the  pterygoid  bones  articulate  with 
the  sphenoidal  rostrum  much  as  in  Corvus,  meeting  in  the  middle  lino 
behind  the  posterior  extremities  of  the  palatines  for  a  short  distance. 
Page  646,  The  maxillo-palatines  in  their  approximate  portions  are  ahorter 
from  before  backwards  than  in  StumuSy  and  much  resemble  those  of 
Corvus* 

The  antero-inferior  processes  of  the  orbit  are  large  and  spongy ; 
they  almost  touch  the  zygoma.  But  the  moat  characteristic  portion 
of  the  skull  of  Het^ralocka  is  the  occipital  region;  and  in  this  it 
presents  a  great  exaggeration  of  the  peculiarities  of  Sturtius  and  its 
allies. 

In  Cortms  (Fig.  4)  and  most  Passerines  the  digastric  muscles  occnpy 
a  narrow  space  intervening  t>etwcen  the  auditory  meatus  and  the  mass 
of  occipital  mu.9cle8,  not  extending  so  high  up  the  skull  as  the  latter. 
The  occipital  ridge  encloses  a  space  elongated  from  side  to  side  and  of 
but  little  depth. 

In  Sturnm  the  digastrics  are  mnch  broader,  and  they  narrow  the 
occipital  space ;  they  also  extend  up  the  skull  to  so  great  an  extent 
that  they  nearly  meet  in  the  middle  line  above  the  origin  of  the 
bi  vent  res  cervicis  muscles;  but  in  Hetendoeha  (Fig.  3)  they  are  of 
still  greater  8izc»and  meeting  above  the  middk^  line  they  form  a  stttmg 
ridge,  which  extends  for  some  distance  into  the  parietal  region  verti- 
cally. This  peculiar  development  of  these  muscles  produces  a  corr^ 
sponding  change  in  the  shape  of  the  space  enclosed  by  the  occipital 
ridge.  In  lleteralocJta  it  is  almost  circular,  and  it  extends  some  way 
above  the  foramen  magnum.  In  Stumits  there  is  an  approximation 
to  this  condition. 

A  vertical  parieto-occipital  ridge  in  many  other  birds  closely  re- 
sembles that  of  Heteralcclta;  but  it  is  the  median  limit  of  the  temporal 
fossa  in  most. 

Correlated  with  this  extensive  digastric  origin  is  a  large  snrfactt 
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for  its  insertion.  The  angle  of  the  mandible  (see  Fig.  1,  p.  647)  is 
prolonged  directly  backwards  for  this  pnrpose,  in  a  manner  unique 
among  Passerine  birds,  bat  well  seen  in  the  Anattdce.  In  Stumus  the 
angle  of  the  mandible  is  slightly  prolonged  backwards  for  a  similar 
purpose. 

In  comparing  the  skulls  of  others  of  the  Stumidce  the  following  is 
a  graduated  series,  based  on  the  development  of  the  digastric  fossae  in 
those  birds  I  have  had  the  opportunity  of  examining,  commencing  with 
Heteraloeha  and  ending  with  Gorvus, 

Heteralocha.  Quiscalus, 

StumeUa.  Cassicus, 

Stumus.  Acridotheres. 

Icterus.  Pastor  griseus. 

Pastor  jalla.  Molothrus, 

Gracupica.  Oorvus. 

The  palates  in  most  of  these  birds  were  not  in  a  fit  condition  for 
study ;  and,  as  will  be  clearly  seen,  geographical  range  has  not  been 
attended  to. 

In  the  sternum,  Heteralocha  differs  in  no  important  point  from 
Stumus,  except  that  the  posterior  notches  tend  to  be  converted  into 
foramina,  as  observed  by  Mr.  Eyton  in  his  '*  Osteologia  Avium." 

The  following  muscles  were  dissected,  and  found  to  agree  precisely  Page  647. 
with  the  corresponding  ones  in  a  Book. 

Pectoralis  major.  Sartorius. 

Pectoralis  minor.  Semimembranosus. 

Coraco-brachialis  longus.  Semitendinosus. 

Coraco-brachialis  brevis.  Adductor  magnus. 

Tensor  patagii  longus.  Biceps. 

Tensor  patagii  brevis.  Femoro-caudal. 

In  conclusion,  it  may  be  stated  that  the  anatomy  of  Heteralocha 
shows  clearly  that  it  is  truly  Passerine,  and  not  related  to  Upupa,  as 
was  previously  supposed  by  most  authors.*  When  examined  more  in 
detail,  its  relation  to  the  Stumidce  is  found  to  be  very  intimate,  and 
its  structure  is  clearly  not  closely  allied  to  that  of  the  Corvidce.  In 
its  relation  to  Stumus  it  seems  to  present  an  exaggeration  of  the 
peculiarities  of  that  bird,  which  would  place  it  at  the  head  of  the 
family. 


*  Mr.  Q-.  B.  Gray  baa  placed  Heteraloeha  in  the  Sturnidm  is  his  "  Hand-list  of 
Birds." 
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17,  NOTE  ON  THE  TONGUE  OF  THE  PSITTACINE 
GENUS  NESTOR^ 


F*ge787,  On  the  doath  of  a  flpecimen  of  Nefit^r  hjpopoUiis  in  the  Society V 
Gardens,  a  short  time  ago^  Mr.  Sc later  kindly  directed  my  attention 
to  the  peculiarity  of  its  tongne,  and  referred  mo  to  Dt,  Finsch'a  work 
on  the  Parrots,  where  Nestar  is  placed  among  the  TricJwgJomncB,  thongh 
the  author  states  that  he  is  not  possessed  of  any  very  precis©  informa- 
tion on  the  Bubjecfc* 

Mr.  Gould,  in  his  **  Birds  of  Australia  '*  (voh  5,  plate  YI),  partly 
deflcrihea  the  tongue  of  this  bird,  and  ehows  that  it  is  not  that  of  a 
liory ;  but  he  has  omitted  to  note  its  chief  peculiarity* 

Dr.  Bialler,  in  the  recently  published  first  part  of  his  **  Birds  of 
New  Zealand/'  has  also  described  the  tongue  quite  correctly*  though 
not  much  in  detail — but  nevertheless  places  Nest^^r  oloee  to  the  Loriee^ 
mentioning  that  this  affinity  was  first  shown  by  MM.  Blanchard  and 
Pelzeln. 

As,  howevon  the  tongue  of  Nestor  does  not  in  reality  reeemble 
that  of  the  Trickoglosu  at  all^  it  may  bo  of  interest  to  describe  it  more 
fully. 

As  far  as  I  have  had  opportunity  of  observing,  in  all  PariDts 
the  fleshy  tongue  ends  anteriorly  by  a  dilated  portion,  supported  on  a 
narrower  neck.  This  tip  is  much  like  the  end  of  a  human  finger,  as 
mentioned  by  most  observers :  and  ite  function  is  similar  also ;  for 
it  is  employed  by  the  bird  as  a  third  prehensile  organ  in  connection 
with  the  upper  and  lower  beak,  any  solid  substance  being  held  by 
the  tongue  and  upper  beak,  while  the  mandible  ia  freed  to  give  another 
bit©. 

Continuing  the  simile  of  the  finger,  the  tip  is  directed  forwards 
with  the  nail-like  portion  doivowards,  the  part  corresponding  to  the 
free  edge  of  the  nail  appearing  along  the  lower  margin  of  the  anterior 
rounded  surface. 

This  nnguis,  or  nail- like  portion,  appears  to  me  further  to  re- 
semble a  nail  in  that  its  anterior  edge  is  not  quite  regular  and  is  free, 
while  the  posterior  margin  is  continuous  with  the  neighbooring 
epithelium,  which  is  almost  enough  to  show  that  it  grows  forwarda, 
and  is  worn  down,  as  is  a  nail,  by  constant  contact  with  foreign  sni 
stances. 


I 


•  *•  Proc«edin^B  of  the  Zoological  Sodety/*  1872»  pp.  787-9.    E<»d,  Jxmt  ] 
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In  the  typical  Parrots  this  tingiiis  of  the  tong-ae  is  broader  than 
loBg,  homy  in  textare,  semicjlindroid,  with  its  lateral  margins  extend- 
ing up  the  sides  of  the  organ  and  encroaching  on  the  borders  of  the 
superior  snrfaee  for  a  short  distanee ;  not  imbedded  at  the  sides  as  is 
a  nail.     Its  anterior  border  is  nearly  straight. 

In  the  Tri^^hoglossi  this  homy  plate  is  also  present,  and  ia  similarly  Pag©  788. 
constructed;  but  on  the  superior  snrfaco  of  the  tongue,  between  the 
lateral  edges  of  the  nnguis,  in  the  part  which  in  others  is  covered  by 
II  smx)oth  longitndiimlly  plicated  cpitliclmm,  there  is  an  arrangement 
of  retro  verted  papilla?  forming  a  spmous  coloring ;  and  their  mechanism 
is  such  that  when  the  tongue  is  protruded  beyond  the  mouth  to  grasp 


C^^ 


lig^a 


lig^ 


K?^,4  Elg,  5 


Fig.  1.  Head  of  Loriui  iihtaiis,  ebowinjLj  I  lie  bird  stridoliiog  out  it^  bill  for  footl, 
in  wliich  ca»e,  the  totijC^e  being  protrurlecl,  the  spmca  t'overing  Iho  superior  surface 
of  iu  apci  Are  directed  forwards  ioAietid  of  being  recurred  and  inconepiouou^i  which 
iji  the  caw  when  it  u  at  rest. 

Fig«,  2  and  3.  Inferior  and  tupenor  riewB  of  the  tongue  of  Nesior  htfpopoliut^ 
•bowing  the  fringe  of  hair«  which  springs  from  the  aDtcrior  border  of  the  margiDi, 
tand  which  extends  forwards  beyond  the  tip. 

Figs.  4  and  5,  Inferior  and  superior  views  of  the  ton^e  of  Slriwgopt  hahro' 
piiktt^  which  ii  like  that  of  the  typical  Parrots. 
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any  object,  tlie  papillas  stand  upright  or  are  even  directed  somewhat 
forward. 

In  Nestor  there  are  no  papillaB  of  this  description,  bat  the  tongne 

is  here,  as  Dr.  Boiler  says,  *'  soft,  rounded  on  the  edges,  with  a  broad 

central  groove,"  and  it  is  as  smooth  as  in  other  Parrots.     Therefore 

Page  789.        the  Ka-Ka  Parrot  cannot  in  this  point  be  said  to  approach  the  Tri- 

choglossi  (badly  so  called). 

The  peculiarity  of  the  tongue  of  Nestor  consists  in  the  fact  that  the 
anterior  edge  of  the  unguis,  always  free  (though  for  a  very  short  dis- 
tance) and  jagged,  as  mentioned  above,  in  the  other  birds  of  the  class, 
is  here  prolonged  forwards,  beyond  the  tip  of  the  tongue,  for  about 
^  inch  as  a  delicate  fringe  of  hairs,  with  a  crescentic  contour.  This 
fringe  seems  to  result  from  the  breaking  up  into  fibres  of  the  forward- 
growing  plate,  which  is  always  marked  by  longitudinal  striationB, 
clearest  anteriorly,  the  result  of  unequal  density  and  translucency  of 
the  tissue  composing  it,  though  on  making  a  cross  section  I  was  not 
able  to  find  any  of  the  longitudinal  papillary  ridges  which  are  present 
in  the  human  nail  and  which  the  slriation  led  me  to  expect.  The 
unguis  is  also  longer  than  broad,  and  very  narrow  considering  the 
size  of  the  bird,  as  is  also  the  whole  tongue,  though  the  length  is 
greater  than  in  others  of  the  class.  In  the  living  bird  the  mouth  is 
moist,  as  in  the  Lories,  and  not,  as  in  the  Cockatoos  and  others,  dry 
and  scaly. 

From  these  considerations,  and  a  comparison  of  the  accompanying 
drawings  of  the  tongues  of  Stringopsy  Nestor,  and  Trtchoglossus,  it  is 
evident  that  the  structure  of  this  organ  would  lead  to  the  placing  of 
Nestor  among  the  typical  Parrots,  though  an  aberrant  one,  and  not 
with  the  Trichoglossinw ;  and  other  points  in  its  anatomy  favour  this 
conclusion. 
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18.   NOTE   ON  SOME   OF   THE   CRANIAL  PECU- 
LIAKITIES  OF  THE  WOODPECKERS.* 

GoNSiDEBD^Q  the  method  adopted  by  the  Woodpeckers  for  obtaining  puge  357. 
their  food,  it  is  hardly  surprising  that  they  possess  cranial  features 
peculiar  to  themselves ;  for  it  is  scarcely  conceivable  that  the  head, 
the  most  delicately  constructed  portion  of  the  body,  should  be  em- 
ployed as  a  powerfid  hammer  or  axe  whose  stroke  can  be  heard  at  a 
considerable  distance,  without  some  modifications  in  structure  which 
would  assist  in  increasing  its  efficiency  for  the  purpose. 

Accordingly,  we  find  that  the  bones  are  thicker  and  stronger  than  Page  858. 
in  most  birds,  and  there  is  only  a  slight  movement  possible  of  the 
upper  jaw  on  the  head  proper.  The  interorbital  septum  is  thick  and 
nearly  complete,  supporting  a  median  protrusion  on  the  front  of  the 
skull,  which  is  so  considerable  as  to  throw  the  free  extremities  of  the 
hyoid  bones  one  side  or  the  other,  thus  causing  the  skull  to  be  slightly 
unsymmetrical.  Farther,  the  axis  of  the  upper  beak  is  peculiarly 
low,  being  continuous  with  that  of  the  basicranium ;  and  this  results 
from  the  lowness  in  position  of  the  points  of  junction  of  the  superior 
processes  of  the  prsBmaxillsd  with  the  frontal  region  of  the  skull,  which 
renders  the  angle  between  the  beak  and  skull  less  obtuse  than  is 
generally  the  case. 

In  those  birds  in  which  there  is  considerable  hinge-motion  of  the 
upper  beak  on  the  head,  as  in  the  Parrots,  the  basisphenoid  rostrum 
is  generally  long  and  of  uniform  thickness  for  some  distance,  and  the 
conjoined  palatine  bones,  with  the  vomer  between  them  and  the 
pterygoids  articulated  behind,  form  a  longitudinal  flange  aloug  the 
upper  service  of  the  median  junction,  which  runs  backwards  and 
forwards  on  the  rail  formed  by  the  basisphenoid  rostrum  during  the 
movements  of  the  beak.  In  the  Woodpeckers  any  considerable 
articulation  of  this  kind  would  re(luce  the  value  of  the  head  as  an 
axe ;  consequently  the  posterior  ends  of  the  palatine  bones  are  not 
well  developed,  and  they  scarcely  unite  in  the  middle  line,  while 
further  forwards  the  vomer  is  not  seen  in  the  maxillo- palatine  region, 
and  these  latter  bones  also  are  only  slightly  developed.  A  similar 
tendency  among  Passeriniform  birds  to  the  reduction  of  the  vomer  in 


♦  "  Ibis,"  1872,  pp.  357-60.     October  1. 
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front  is  found,  combined  with  a  complete  absence  of  the  maxillo- 
palatines,  in  Menura* 

Professor  Huxley  in  his  paper  "  On  the  Classification  of  Birds,"t 
has  entered  into  considerable  detail  respecting  the  Woodpecker's 
palate,  and  from  not  finding  a  vomer  present,  and  observing  the 
peculiar  longitudinal  bony  spicula  connected  with  the  inner  edges  of 
the  palatine  bones,  opposite  to  and  behind  the  fenestrae  Uiey  assist  to 
Page  359.  enclose,  is  led  to  think  that  these  spiculsB  are  the  rudiments  of  the 
vomer,  which  has  not  ossified  across  the  middle  line.  But  in  carefully 
prepared  skulls  they  look  much  -more  like  the  inner  edges  of  the 
imperfectly  ossified  palatines,  as  they  are  connected  completely  with 
them  at  both  ends.  Further,  in  most  of  the  specimens  of  Oednus 
viridts  and  its  allies  that  I  have  had  the  opportunity  of  examining,  I 
have  found  a  median  bone,  situated  between  the  palatines,  and  sup- 
ported like  a  vomer  on  the  basisphenoid  rostrum,  at  the  anterior  ends 
of  its  broader  portion.  This  bone  is  small,  and  shaped  very  much  like 
a  spear-head  with  the  tip  directed  forwards,  whilst  posteriorly  it 
gradually  becomes  fibrous  and  tends  to  bifurcate,  but  not  in  the 
ossified  part.  It  does  not  extend  backwards  quite  so  ^  as  the 
pterygo-palatine  articulation. 

The  accompanying  sketch  will  enable  its  shape  and  position  to  be 
more  clearly  perceived. 


Palate  of  Oecinus  mridis,  eliowing  the  vomer  x,  between  the  palatines  PI.    The 
pterygoids  are  marked  Pty  and  the  spine  of  the  basieranium  a. 

•  Since  tlie  aboYC  has  been  in  print,  I  find  that  the  maxillo- palatines  are  not 
absent  in  Menura,  but  are  long  and  slender,  differing  somewhat  from  the  ordinary 
Passerine  tyiH\  but  8e]>arale  from  one  another  and  from  the  Tomer. 

t  "  PnH-eediugs  of  tlie  Zoologii^al  Society,"  1867,  pp.  415-472. 
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Thongli  this  bone  is  sitnated  rather  fxirther  back  than  the  vomer  in 
most  birds,  yet  it  is  fonnd  similarly  placed  in  some,  as  in  MegalcBma^ 
which  by  the  way  has  the  anterior  termination  of  its  vomer  truncated 
in  front,  and  produced  forwards  at  the  comers,  as  in  the  Grow, 
though  in  the  former  bird  these  processes  articulate,  and  do  not 
anchylose  with  the  posterior  ends  of  the  palatine  plates  of  the  maxillo- 
palatines. 

On  catting  the  palatine  bones  of  Oecinus  from  the  anterior  part  of  Page  360. 
the  skull,  and  disarticulating  them  from  the  pterygoids,  the  bone 
which  I  suppose  to  be  the  vomer  comes  away  with  the  palatines,  as 
would  be  expected  were  such  the  case. 

The  absence  of  truncation  in  the  vomer  of  the  Woodpeckers  tends 
by  itself  to  remove  them  from  a  close  relationship  with  the  Passerine 
birds ;  but,  as  I  before  remarked,  this  peculiarity  may  depend  on  their 
special  habits.  There  is,  however,  in  the  shape  of  the  pterygoid 
bones  a  character  which  tends  to  bring  them  together  again. 

In  Passerine  birds  the  pterygoids  extend  forwards  for  a  considerable 
distance  in  front  of  the  point  of  contact  or  articulation  with  the  pala- 
tines. These  anterior  processes  are  vertically  expanded  and  in  contact 
with  the  rostrum,  and  probably  sometimes  with  the  crura  of  the 
vomer ;  they  are  situated  above  (that  is,  deeper  than)  the  posterior 
internal  angles  of  the  palatines,  and  therefore  are  not  seen  while 
looking  at  the  surface  of  the  palate,  but  only  on  a  side  view.  In  the 
Woodpeckers  and  other  birds  related  to  them  these  processes  are  also 
present,  but  they  are  absent  in  most  others,  though  the  Anserine 
birds  possess  them.  In  the  Woodpeckers  also  there  is  a  very 
peculiar  anteriorly  directed  process  arising  from  the  upper  part  of  the 
middle  of  the  body  of  the  pterygoid  bone,  which  is  quite  independent 
of  the  one  above  described. 
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19.   NOTE  ON   THE   PLACENTA   OF   THE  HIPPO. 
POTAMUS/ 

Page  821.  NoT  knowing  of  any  description  of  the  placenta  of  Hippopotamus 
amphtbius,  I  think  it  desirable  to  record  the  condition  of  that  obtained 
after  the  birth  of  the  calf,  which  occurred  on  the  5th  of  this  month. 

The  placenta  is  a  long  cylindrical  bag,  3|  feet  from  end  to  end 
and  1|  feet  across.  There  is  only  one  aperture ;  and  that  is  not  more 
than  a  foot  long,  and  is  situated  at  one  of  the  ends.  The  other  end  is 
rounded,  and  quite  complete.  It  is  evident  that  the  whole  viscns  is 
much  the  shape  of  the  enclosed  foetus,  and  must  have  closely  covered 
it.  The  end  at  which  the  rupture  had  occurred,  that  is  the  one 
situated  at  the  os  uteri,  is  a  little  constricted,  as  may  be  inferred  from 
the  above  statement  of  its  diameter.  The  umbilical  cord  is  attached 
to  the  placenta  at  one  of  the  sides,  about  halfway  between  the  two 
ends.  It  is  1^  feet  long,  and  ragged  at  its  free  extremity.  It  is 
1^  inches  in  diameter  in  the  middle,  and  gets  larger  as  it  approachea 
its  attachment,  near  which  there  are  many  spherical  bodies,  as  big  as 
peas  and  yellow  in  colour,  supported  on  short  amniotic  pedicles.     The 

Page  822.  outer  surface  of  the  whole  viscus  is  covered  uniformly  with  villi  of  a 
bright  red  colour ;  and  there  is  no  reduction  of  their  number,  nor  in 
their  size,  at  the  caecal  end  at  all.  At  the  lacerated  extremity,  dose  to 
the  rapture,  tbey  are  paler  and  more  scattered.  The  walls  of  the 
viscus  are  of  uniform  thickness,  except  for  a  few  inches  round  the 
point  of  attachment  of  the  cord,  where  the  vessels  commence  to 
diffuse  themselves. 

When  received,  the  whole  sac  was  turned  inside  out ;  and  this  was 
probably  the  result  of  the  gradual  contraction  of  the  uterus  from 
fundus  to  orifice.  It  may  be  remarked  that  for  a  few  days  after  the 
birth  of  the  calf,  the  mother  had  a  considerable  prolapse  of  the 
vagina,  which  gradually  diminished,  and  is  now  very  slight. 

•  "  Procec<ling8  of  the  Zoological  Society,"  1872,  pp.  821-2.  Read,  Nor.  19, 
1872. 
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20.  ON   THE   ORDER  DINOCERATA  (Marsh).* 

It  is  very  seldom  that  specimens  are  now  obtained,  either  fossil  or  Page  267. 
recent,  of  mammalian  forms  that  have,  provisionally  at  least,  to  be 
placed  in  a  new  order  by  themselves,  on  account  of  the  presence  of 
peculiarities  hitherto  quite  unknown  and  unexpected.  Such,  how- 
ever, is  the  case  with  a  large  series  of  fossils  which  have  been, 
within  the  last  two  years,  obtained  from  the  Eocene  deposits  of 
Wyoming  in  North  America.  Our  chief  source  of  information 
respecting  these  remains  consists  of  a  series  of  papers  by  Professor 
O.  C.  Marsh,  of  Yale  College,  abstracts  of  which  have  recently 
appeared  in  "  The  American  Journal  of  Science,"  and  in  "  The 
American  Naturalist."  Professor  B.  D.  Cope  has  also  published 
several  papers  on  the  subject,  and  some  excellent  photographs  of  one 
of  the  most  important  forms  sent  by  him  to  this  country  it  has  been 
my  good  fortune  to  see.  Professor  Leidy  has  also  named  one  of  the 
genera.  Most  of  my  information  is  obtained  from  the  papers  by 
Professor  Marsh  on  the  Order  Dinocerata,  together  with  the  critical 
remarks  made  by  him  on  Professor  Cope's  descriptions,  which  I  have 
also  by  me. 

Dinoceras  mirahilis  is  the  name  given  by  Marsh  to  a  huge  ungulate 
animal,  of  which  there  is  an  almost  complete  skeleton  in  the  museum 
of  Yale  College.  Its  size  must  have  been  very  nearly  that  of  a  full- 
grown  elephant,  as  the  length  of  the  skull  of  a  closely  allied  genus 
was  a  little  more  than  a  yard.  The  skull  was  peculiarly  long  and 
narrow,  and  supported  three  pairs  of  horn  cores  in  rows,  on  its 
superior  surface.  The  anterior  pair  were  situated  on  the  anterior 
ends  of  the  nasal  bones ;  they  were  short,  conical,  and  directed  nearly 
straight  upwards.  The  median  pair  were  conical  prolongations 
upwards  from  the  maxillaries ;  they  were  longer  and  more  cylindrical 
than  those  on  the  nasals,  and  the  fangs  of  the  huge  canine  teeth 
entered  their  bases.  The  posterior  pair,  the  largest,  were  very  pecu- 
liar, being  extensions  upwards  from  near  the  middle  of  large  lateral 
longitudinal  crests,  which  were  formed  by  the  occipital,  parietals,  and  Page  268. 
frontal  bones.  The  dentition  was  peculiar;  the  upper  incisora 
were  deficient,  and  the  premaxillas  consequently  small.  The  upper 
canines  formed  huge  downwardly  directed  tusks,  nearly  straight,  but 
directed  somewhat  backwards.      These,  after  a  gap  equal  to  their 


♦  "  Journal  of  Anatomy  and  Physiology,"  VII.  pp.  267-270.    June,  1873. 
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breadth^  were  followed  by  six  small  molar  teeth.     Eacli  of  these  n 
composed  of  two  weU  dereloped,  nearly  stiaight,  transYeirae  ridges, 
which  joined  at  the  inner  border  of  the  tooth,  and  direr^^ed  as  they 


/ 


Skull  of  XHnoceroM  miraUlU^  copied  from  Profetsor  Marali's  figtire,  and  kindlj  ktit 
by  the  Proprieton  of  **  Nature.'* 


ran  outwards,  so  forming  a  simple  ^-shaped  pattern,  that  continiied 
well  marked  till  the  tooth  was  m^uch  worn.  The  posterior  of  the 
two  ridges  was  quite  transverse,  atid  the  anterior  was  slightly  concsTe 
backwards,  and  ran  obliquely  forwards  and  ontwards.  These  teeth 
diminished  in  size  from  before  backwards  graduallj,  and  there  were 
no  intervals  between  them.  All  that  I  can  find  about  the  lower  jaw 
is  that  it  was  slender,  and  its  tusks  small. 

The  orbit  was  not  separated  from  the  temporal  fossa,  which  latter 
.  was  large,  extending  up  the  outer  side  of  the  lateral  parieto-oecipital 
eresti  The  malar  completed  the  anterior  portion  of  the  zygomatic 
arch;  the  lachrymal  was  large,  forminn:;  the  anbenor  border  of  the 
orbit ;  a  large  oval  foramen  perforated  its  facial  surface.  The  squa- 
mosal sent  down  a  large  post-glenoid  process.  The  nasals  were  massiTS^ 
and  greatly  prolonged  forwards,  at  the  tip  carrying  the  antertof 
hom-cores ;  they  also  sent  slight  processes  up  the  inner  faocs  of  the 
maxillary  horn-cores.  The  premaxillarics  were  peculiar  in  that  they 
almost  enclosed  the  anterior  nares ;  they  united  posteriorly  with  the 
maxillaries  just  in  front  of  the  canines,  and  then  dividt?d  into  two 
branches,  one  of  which,  the  lower,  corroRponding  to  the  premaxiUary 
of  the  RhiBOoeros,  ran  forwards  free ;  the  other,  closely  uniting  with 
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the  adjoining  nasal,  went  upwards  to  strengthen  the  support  of  the 
horn-cores. 

The  extremities  were  tetradactjlate,  and  in  the  pes  the  astragalus 
articulated  with  the  cuboid  as  well  as  with  the  scaphoid  bone.  The 
humerus  was  short  and  massive,  with  the  great  tuberosity  not  rising 
above  the  articular  head,  and  the  condylar  ridge  of  the  distal  end  not 
continued  up  the  shaft.  The  radius,  which  was  free,  was  not  so 
oblique  as  in  the  Elephant. 

The  femur  had  no  pit  on  its  head  for  the  ligamentum  teres,  and 
there  was  not  any  third  trochanter.  The  phalanges  were  short,  as  in 
the  Elephant. 

The  number  of  the  vertebwB  are  not  noted  by  Marsh,  so  that  I 
cannot  say  how  many  there  were  in  the  dorso-lumbar  region,  a  point 
of  great  importance.  There  were  four  in  the  sacrum,  the  last  being 
small  and  supporting  a  slender  tail.  The  ribs  had  rudimentary 
uncinate  processes. 

The  name  Tinoeeras  has  been  given  by  Marsh  to  a  very  closely 
allied  species,  which  difEers  from  Dtnoceras  in  having  the  anterior  or 
nasal  horn-cores  compressed  on  the  top,  larger,  and  projecting  more 
forward;  the  maxillary  horn-cores  are  also  proportionately  longer, 
more  cylindrical,  and  directed  slightly  forward.  The  photographs  of 
this  genus  above  referred  to  show  very  clearly  that  the  palate  was 
completed  opposite  the  posterior  molars  by  the  palatine  bones.  The 
difEerences  between  THnocercu  and  Dinoceras  seem  to  be  scarcely  generic. 
Another  closely  allied  genus,  of  which  1  have  seen  no  description,  is 
the  UintcUherium  of  Leidy.  The  name  EohasileuSy  introduced  by  Pro-  Page  270. 
fessor  Cope,  is  a  synonym  of  IHnoceraSf  and  being  of  later  intro- 
duction, must  be  sunk. 

From  the  facts  given  above.  Professor  Marsh  is  led  to  placing 
these  undoubtedly  peculiar  animalia  in  an  order  different  from  any 
yet  established,  intermediate  between  the  Proboscidia  and  the  Perisso- 
daciylata.  To  me  it  seems  much  more  probable  that  they  belong  to 
the  Ungulata  proper,  and  that  no  separate  order  is  necessary  for  their 
reception.  In  the  characters  I  have  given,  there  are  none  which  show 
them  to  have  any  true  Proboscidian  affinities,  whilst  there  are  several 
which  seem  to  indicate  that  they  belong  to  a  family  of  the  Artiodacty- 
lata,  and  not  to  the  Perissodactylata.  Among  the  reasons  in  favour 
of  Dinoceras  and  its  allies  being  Artiodactylate  are  the  following : — 

1.  The  astragalus  has  a  well-developed  cuboid  facet. 

2.  The  palate  is  complete  between  the  posterior  molars. 

3.  There  is  no  third  trochanter  to  the  femur. 

4.  The  premaxillaa  are  edentulous. 

5.  The  anterior  premolar  is  not  developed. 


Ui 
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2L  ON  THE  VALUE  IN  CLASSIFICATION  OF  A  PECU- 
LIARITY IN  THE  ANTERIOR  MARGIN  OF  THE 
NASAL  BONES  IN  CERTAIN  BIRDS.* 


Page  33.  SiNCE  ooinmeiiciE{3r  the  ntndj  of  the  anatomy  of  birds,  it  has  always 
appeared  to  me  that  two  tiistiiict  types  of  nasal  bones  can  be  dis- 
tinguished among  them  withont  difficulty — and  that  if  those  which 
present  the  abnormal  characters  are  considered  separately,  they  pro- 
sent  other  features  in  common  which  justify  thetr  being  placed  in  the 
same  clasa,  and  their  entire  separation  from  those  wkicb  present  the 
less  modified  arrangement. 

In  most  birds  the  anterior  margin  of  the  nasal  bone  is  cone^Ye, 
with  the  two  comua  directed  forwards — one  along  the  onter  edgt5  of 
the  nasal  splint  of  the  prssmaxilla,  to  form  the  inner  margin  of  the 
osseous  external  nares,  whilst  the  other,  which  is  free,  dese^ndfl  as 
part  of  the  external  boundary  of  the  same  aperture  in  connection 
with  the  ascending  process  of  the  maxilla,  which  it  joins.  These  two 
processes  become  continnons  behind  with  the  bridy  of  the  bone^  and 
with  one  another,  there  being  no  interruption  of  any  kind  between 
them.  Such  a  condition  is  found  in  its  simplest  form  in  Otis  and 
the  GallintD  proper ;  aud  birtls  possesaiag  the  bone  so  constracted  may 
be  termed  holorMnal :  in  them  a  transverse  straight  line,  drawn  on  the 
skull  from  the  most  backward  point  of  the  external  narial  aperture  of 

Piigc  36,  one  side  to  that  of  tlie  other,  always  passes  in  front  of  the  posterior 
term  illations  of  the  nasal  processes  of  the  prsB  maxillae. 

But  several  birds  present  a  very  di^erent  condition.  In  QruSt  for 
example,  the  posterior  contour  of  the  osseous  external  nares,  instead 
of  being  rounded,  as  in  holorhinal  birds,  is  apparently  formed  by  the 
divergence  of  two  stniight  bars  of  bone,  which  enclose  an  angnhu* 
space  between  them.  These  two  processes  evidently  correspond  to  tke 
two  anteriorly  directed  cornua  of  the  holorhinal  skull  described  above ; 
but  they  appear  in  many  cases  to  be  soditterent  in  density,  and  the  outer 
one  joins  the  body  of  the  bone  so  abruptly,  that  it  seems  at  first  sigkt 
to  be  an  independent  ossifi€*Ation ;  how^ever,  I  liave  no  reason  lo 
believe  that  kucIi  is  the  case.  As  in  holorhinal  birds,  fio  in  thoma 
under  consideration,  which  may  be  termed  schizorhinal^  the  inlental 
pit)cesB  of  the  nasal  bone  runs  forwards  along  the  outer  border  of  tlio 


I 
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•  ''  Procc-odingfl  of  the  Zoologioil  Sootety/*  1873,  pp.  33-d,    Bead,  J&c.  7,  1873, 
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nasal  process  of  the  pnemazilla,  and  the  outer  descends  free  to  join 
the  maxilla.  In  these  hirds  there  is  considerable  yariation  in  the 
manner  in  which  the  almost  detached  outer  of  the  two  nasal  processes 
joins  the  body  of  the  bone.  In  Numeniusy  HcBmatopuSy  and  many 
of  the  Limioolffi  they  proceed  directly  upwards  and  expand,  becoming 
slightly  &nned  out  where  they  join  the  rest  of  the  bone  by  a  straight 
transyerse  line.  In  Ihis  and  Orus  they  are  of  uniform  size  from  end 
to  end,  whilst  in  the  Auks,  and  to  a  less  degree  in  the  Gulls,  at  its 
origin  the  process  is  slightly  curved,  being  directed  outwards  for  a 
short  distance,  and  aftw  that  straight  downwards  and  forwards. 

In  most  schizorhinal  birds,  a  transverse  line  joining  the  extreme 
posterior  point  of  one  external  nasal  aperture  to  the  similar  one  of 
the  opposite  side  is  situated  behind  the  posterior  ends  of  the  nasal 
processes  of  the  prsBmaxilla ;  but  in  some  of  the  short-beaked  broad- 
mouthed  species  of  the  class  it  is  situated  in  front  of  them.  Such  is 
the  case  in  Pterodes  and  Syrrhaptes  ;  and  this  peculiarity  renders  it  at 
first  sight  uncertain  whether  they  are  schizorhinal  at  all ;  but  as  every 
intermediate  condition  may  be  found  between  the  strictly  schizorhinal 
skull  of  the  Columbidsd  proper,  and  the  very  similar  but  less  strongly 
marked  skull  of  Pteroeles,  there  is  no  real  reason  to  doubt  that  the 
modification  only  depends  on  the  great  breadth  of  beak  in  the  latter 
bird.  The  curious  development  of  the  superficial  nasal  turbinal  bone 
of  Pterodes  is  also  a  Columbine  character,  as  is  also  the  great  length 
of  the  inner  of  the  two  nasal  processes,  which,  in  a  manner  quite  un- 
like that  of  the  Ghdlinse,  extends  on  each  side  for  a  long  way  forwards 
under  the  premaxillary  nasal  splint. 

Subjoined  is  a  list,  alphabetically  arranged,  of  the  genera  in  which 
I  have  observed  the  schizorhinal  arrangement : — 

Schizorhinal  Birds. 


Aha. 

Grus. 

Bhinochetus. 

Anous. 

Hcematopvs, 

Bhynchops. 

Anthropoides. 

Ibis. 

Rtssa. 

Ardica. 

Larus. 

Sarciophorus, 

Catarades, 

Lestris. 

Scolopax.  ^ 

Charadrivs, 

Limosa. 

Sterna. 

Chianis. 

Machetes. 

Totanus. 

Bromas. 

Numenius. 

Tringa. 

Eurypyga, 

Parra. 

Tumix. 

FroUercula. 

Platalea. 

Uria. 

Gallinago, 

Pterodes. 

Vanellus. 

Olareola, 

Bscurvirostra, 

Page  87. 


And  all  the  Columbidsd  proper. 
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From  the  above  list  it  is  evident  that  nearly  all  the  schi^orhina 
birds  are  included  among  Professor  Huxley's  Schizognathce.  Going 
farther  into  detail,  they  may  be  said  to  embrace  all  tbe  Cbaradrio* 
TOorphflD,  with  the  exception  of  (Edicnemv^  (I  have  not  seen  Curgorius)^ 
Among  the  Geranomorphro,  they  comprise  the  Groid®,  together  with 
Ehin4}chetus  and  JJkirijpyguL,  bnt  not  the  RallidaD  (from  which  family 
Parra  should  be  removed  to  the  ClmradriomorphiE),  nor  Pttophia^  Otis^ 
and  Cariama.  Among  the  Cecomorplun  they  include  the  Larid®  and 
AJcidfiD,  bnt  not  the  Procellariidffi  nor  the  Colymbid®.  Among  the 
Spemscomorpbee  none  are  achixorhinal.  Among  the  Alectoromorphip 
Tumiit  and  the  Pteroclidfie  are  so ;  and  the  Peris tcromorpha?  are  all 
schisorhinal.  In  the  other  main  divieionB,  the  Desmognaiiifle  and  the 
^githognatha3,  only  the  Hera iglott ides  of  Nitzsch,  belonging  to  the 
Pelargomorphro^  are  sohizorhinah 

The  linking  together  of  the  Plovers  and  tbe  Gulls  by  any  osteolo* 
gical  feature  has  long  been  a  desideratum,  as  Professors  Newton  luid 
Huxley  have  remarked  ;♦  and  the  facts  brought  forward  by  the  latter 
have  greatly  assisted  in  this  respect.  Bat  Professor  Huxley *b  daaaifi- 
cation  does  too  much  ;  it  places  the  Petrels  nearer  to  tbe  Gulls  ihati 
the  latter  to  the  Plovers^  and  it  includes  the  Rails  in  tbe  same  cate- 
gory as  tlie  Cranes,  which  is  more  than  collateral  evidence  justifies. 
K  the  nasal  bones  have  tbe  significance  in  classification  which  I  would 
put  upon  them,  and  their  conformation  be  employed  in  dividing  np 
the  scbizogDathous  birds  (with  which,  notwithstanding  their  deamog- 
nathism,  Platalea  and  Ibis  must  be  placed),  a  result  is  arrived  at 
which  pterylosia  and  internal  anatomy  greatly  tend  to  justify . 

Tbe  following  table  represents  my  idea  of  such  an  arrangement^ 
though  I  do  not  wish  to  give  my  sanction  to  the  naturalnesa  of  the 
non-8cbizorhinaI  schizogQathoiis  group,  which  I  believe  to  be  open  to 
criticism: — 


I 


SomzoGNATHOUS  BiBDS  (Huxley)  +  HemiglotUdes  (Nitsesch), 

Bchixorhimal  Birds, 

1,  ColnrabcB,  Pteroclidn?,  and  Tumicid©, 

2,  LimirnloD  (excludiiig  G^dicueimiA^  and  including  Farm). 

3.  Laridffi. 

4.  Gruidae. 

5*  Kurypygidffi  and  RhinochetidsB. 
6t  Hcmiglot tides, 
7.  AJcidm. 


•  "  tbi»,*'  1868,  pp.  9S  ftnd  SOU. 
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Holorhindl  Birds,  ^*«<»  88. 

1.  Impennes. 

2.  Procellariidaa. 

3.  Coljrinbidfe. 

4.  Gtkllinad  (excl.  Pterocles  and  Turnix). 

5.  Rallidaa  (excl.  Parra), 

6.  Otidaa  (incl.  (Edienemus). 

7.  Cariamidse. 

8.  PsophiidaB. 

9.  Opisthooomidsd. 
10.  Podicipidsd. 

In  his  paper  "  On  the  Osteology  of  the  Kagn,*'  Mr.  Parker,  in 
speaking  of  the  nasal  bone,  says,  **  this  part  of  the  face  is  thoroughly 
Gmine  in  both  the  Eurypyga  and  the  K&gn;  the  long  open  nasal 
fossa,  so  sharp  above  at  the  bifurcation  of  the  nasals,  gives  a  character 
to  the  face  common  to  large  groups  of  Grall»  and  Palmipeds.*'  Other- 
wise he  does  not  employ  this  character  in  classification,  as  is  evident 
when,  it  is  seen  that  he  places  the  Kagu  close  to  Psophia  and  the 
Bails,  which  are  holorhinal  birds. 

It  may  be  mentioned  that  the  external  nasal  process  of  the  nasal 
bone  is  weak  or  obsolete  in  the  Struthious  birds. 
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22.  ON  THE  VISCERAL  ANATOJIY  OF  THE  SUMATRAN 
RHINOCEROS  {CERATOBIIINUS  SUMATREiVSISy 

Page  92.  Thb  death  on  Septeml>er  2l8t,  1872,  of  the  ovi\j  English  specimen  of  j 
the  Snmatran  Rhinoceros  haa  afforded  me  an  opportimity  of  deter- 
mining nianj  points  in  its  anatomy  previonslj  unknown ;  and  Pro- 
fessor Owen's  excellent  memoir  on  Hhinoceros  {ndicugt  in  the  fourth 
volume  of  the  Society *s  **  Transactions/*  has  nmdo  it  possible  to  com- 
pare the  details  of  stmeture  in  the  two  species. 

The  difforenoea  in  the  shape  of  the  stomach,  and  the  character  of 
the  mncons  membrane  of  the  small  intestrne,  together  with  the  peen- 
lianties  of  the  skin,  including  the  presence  of  a  second  horn,  the 
absence  of  a  gland  behind  the  foot^   and  the  smallness  of  the   foldgi 
which   cannot  accurately  be  termed  sliields,  appear  to  me  quite  tO| 
justify  the   separation,  into  a  distinct  genus,  of  the  Snmatran  Hbi-^l 
noceros  from  its  Indian  ally,  as  has  been  done  by  Dr.  Gray  from  •' 
litudy  of  its  osteology  only. 

The  specimen  upon  which  these  observations  are  baaed  is  s^d  to 
have  been  captured  in  Llalacca  :t  it  is  an  aged  female ;  ita  skin  is  of 
a  dark  alate-colonr,  and  is  covered  thinly  with  black  hairs,  which  are 
more  than  an  inch  long,  situated  mostly  on  the  middle  line  of 
back  and  on  the  outer  sides  of  the  limhs.  Its  length  from  the  tip  < 
the  nose  to  the  base  of  the  tail  is  9GJ  inches.  The  tail  is  2^  iiibb« 
long :  from  its  base  to  the  transverse  slioulder-fold  is  44  inohefi ;  and 
from  the  latter  to  the  occipital  crest  is  22  inches.  The  ears  are  lined, 
and  not  fringed  (as  ai-e  those  of  the  Ceratorhimi^  l^islotu)  with  black 
hairs,  No  tmces  could  he  found  at  the  back  of  the  feet  of  the  glandsj 
described  by  Professor  Owen  in  the  Indian  Rhinoceros, 

The  skull,  the  only  part  of  the  skeleton  which  I  have  exammed, 
ia  21§  inches  from  the  tip  of  the  nasal  bones  to  the  middle  of  the 
occipital  crestv  following  its  longitudinal  direction.  Prom  one  lachiy- 
mal  tubercle  over  the  head  to  that  of  the  opposite  side  is  8  inc 
The  conjoined  nasal  l»ones  in  their  broadest  part  are  6§  ioc 
across  from  their  lower  margins  over  the  insertion  of  the  ant 
horn. 

The  lower  incisors  and    the  first  premolars   are  lost;    Profei 


•  "  Proc43ediug»  of  the  Zoolo^eal  8od*^y,*'  1878.  pp.  9S-104.  B««d»lui.21. 
1873. 

t  See  for  nn  iM?count  vt  its  history  Mr.  Sckter'i  ndttm,  **  Prooeedmgi  of  lli# 
Zool«fieii]  Society;'  1872,  p.  i9^. 
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Flower  informs  me  that  a  specimen  in  the  Mnsenm  at  Brussels  has 
also  lost  its  lower  incisors.  The  premaxillary  bones  are  anehylosed 
to  the  maxillaries,  a  condition  I  have  not  found  in  any  other 
specimen,  and  which  is  probably  dependent  on  the  loss  of  the  lower 
cutting-teeth. 

Including  the  present  one,  I  have  seen  eight  skulls  of  Asiatic  two- 
homed  Rhinoceroses  (Oeraiorhinw) — ^four  in  the  College  of  Surgeons' 
Museum,  two  in  the  British  Museum,  and  one  at  the  Museum  at 
Cambridge.  The  present  specimen  agrees  very  closely  with  that  at 
the  last-named  place,  and  with  No.  1461  a,  adult,  from  Pegu,  in  the 
British  Museum.  It  being  that  of  an  aged  individual,  comparison 
with  most  of  the  others  referred  to  is  more  difficult,  as  they  are  Page  93. 
nearly  all  immature.  The  skeleton  mounted  at  the  College  of 
Surgeons,  No.  2933,  obtained  by  Sir  S.  Raffles  from  Sumatra,  is 
i^ed  also ;  but  there  are  points  in  which  it  differs  materially  from 
the  present  specimen.  It  is  of  slighter  build,  and  the  nasal  bones 
are  narrower. 

A  much  larger  skull,  not  quite  adult,  in  the  Museum  of  the  Col- 
lege of  Surgeons,  No.  2935,  stated  to  be  that  of  a  '*  male  Sumatran 
Rhinoceros,"  and  presented  by  Sir  S.  Raffles,  is  evidently  from  a 
larger  animal,  and  agrees  also  with  Ceratorhinus  lasiotis  in  being  pro- 
portionately broader  in  the  parietal  regions.  In  this  skull  also  the 
posterior  of  the  submental  foramina  is  situated  in  front  of  the  second 
premolar,  while  in  all  the  others  (except  No.  2936,  R.C.S.,  which 
is  young,  but  peculiarly  massive)  it  is  situated,  when  present,  behind 
that  tooth. 

Subjoined  is  a  table  giving  a  few  of  the  measurements  in  the  skulls 
above  referred  to : — 


No. 

2935, 

R.O.S. 


Length  of  skull  from  tip  of 
nank  to  middle  of  occipi- 
tal crest 

Breadth  across  nasal  bones 

Length  of  2nd  upper  molar 
at  base 

Length  of  1st  upper  molar 
at  base 

Lencth  of  4th  upper  pre- 
molar at  base 


5-25 
2 

1-75 
1-6 


Zool.  Soc. 
specimen. 


21-875 
6-875 

1-775 

1-5 

1-26 


No.  1461a, 
B.  Mus. 


21  -925 

1-7 

1-375 

1-255 


No.  2933, 
R.  C.  S. 


21-25 
4-75 

1-6 

1-35 

1-225 


Cam- 
bridge 
specimen. 


22  125 
6-75 


The  following  is  an  account  of  the  various  features  of  the  viscera 
that  were  observed  in  the  Sumatran  Rhinoceros. 

K  2 
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Alinwnfari/  Canal.— The  palote,  which  is  covered  with  a  smoot 
epithelium,  is  marked  by  coiispicTious  transverse  angnlar  rldg-ee." 
There  are  eleven  of  these  on  each  side ;  and  they  are  not  eontinnons 
anteriorly  across  the  middle  line^  but  the  prominences  of  one  side  are 
carried  on  as  the  fossie  on  the  other.  The  poBterior  ridges  are  oon- 
tinuouB  from  one  side  to  the  other ;  and  they,  instead  of  being  trans^ 
verse,  as  are  those  in  front,  are  arranged  in  the  form  of  a  V,  the 
concavity  of  the  V  being  directed  forwards.  On  the  soft  palate,  which 
is  4f  inches  long,  these  ridges  diaappear.  The  palate  is  narrow,  bs 
can  be  readily  seen  by  an  inspection  of  the  skull;  anteriorly  ita 
breadth  is  2f  inches,  and  posteriorly  3^  inches,  gradually  increasing 
from  before  backwards. 

Id  no  part  of  the  alimentary  canal,  except  on  the  surface  of  the 
tongue,  were  there  any  papilliB  visible  to  the  naked  eye* 

The  cheelcs  form  pads  on  either  side,  composed  of  areolar  and  mr 
Page  94.  calar  tissuGj  which  project  into  the  cavity  of  the  mouth.     These 
are  shaped  like  prominoDt  blunted  triangles,  with  their  apices  dii 

Fig.  L 


'>v/^x^ 


Tongue  af  C.  mmnlrenjtis  (siiiKTior  sttrfiic^*). 
fii  toft  palftte,  embrtti^itig  the  ri>ot  of  I  he*  toni^c     i^^^gt  rptglollt*. 
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forwards ;  they  are  3^  inclies  deep  beliiiid,  where  they  are  lost  on  the 
&QceBy  and  they  are  abont  9  inches  long.  The  epitheliom  covering 
them  ifi  nearly  smooth,  and  is  very  thick* 

The  lofi^ue  is  elongate,  and  in  shape  mnch  like  that  of  the  Humi- 
nantfi,  being  thin  from  above  downwards  in  front,  and  deep  behind, 
with  a  somewhat  sudden  transition  from  one  to  the  other*  From  the 
apex  to  the  posterior  of  the  circnm vallate  papillfie  is  15  inches,  and 
from  the  epiglottis  to  the  same  papillm  is  2|  inches.  In  the  middle  of 
the  anterior  thin  portion  the  breadth  is  2f  inches,  and  in  the  middle 
of  the  posterior  moiety  it  is  4^  inches. 

There  are  many  circumvallate  papillae,  33  on  one  side  and  '2(^  on 
the  other,  forming  two  clusters,  separated  by  a  smooth  median  longi- 
tndinal  line.  Each  elnster  is  triangular  in  shape ;  and  the  two  acnte- 
angled  triangles  they  form  lie  side  by  side  and  have  their  apices 
directed  backwards.  The  individual  papiMie  which  go  to  form  them 
are  largest  posteriorly,  reaching  a  diameter  of  J  inch;  anteriorly  they  pugo  95. 
get  smaller,  and  cease  by  becoming  more  and  more  scattered.  The 
rest  of  the  tongue  is  covered  uniformly  with  filiform  papillee,  among 
which  no  fongiformes  are  to  be  seen. 

The  soft  palate  rune  downwards  as  well  as  backwards ;  and  its 
posterior  portion,  as  Professor  Flower  specially  pointed  out  to  me,  so 
closely  embraces  the  base  of  the  tongue  that,  except  when  in  the  act 
of  swallowing,  the  epiglottis  always  projects  quite  into  the  posterior 
narial  chamber,  as  in  the  horse  and  many  other  animals.  The  an- 
terior portion  of  the  soft  palate  is  J  inch  thick,  and  very  glandular, 
A  collection  of  glands  of  considerable  size  on  each  side  of  the  fancea 
are  the  only  representatives  of  the  tonsils* 

The  salivanj  ghimh  present  the  usual  characters.  The  parotid  is 
much  the  largest.  It  weighs  1  lb.  1  ox.,  and  is  of  an  irregular  semi- 
lunar shape,  the  concavity  embracing  the  superior  portion  of  the  angle 
of  the  jaw ;  it  is  mostly  situated  between  the  body  of  the  masseter  and 
the  posterior  insertion  of  the  sterno -mastoid  ninsele.  It  lies  almost 
entirely  below  the  level  of  the  zygoma,  sending  np  a  small  portion 
into  the  interval  between  it  and  the  external  auditory  meatus.  Its 
dact,  which  is  14  inches  long,  commences  at  the  inferior  angle  of  the 
gland,  and,  as  in  the  Ungulata  generally,  mns  round  the  lower  margin 
of  insertion  of  the  masseter  muscle,  and  up  along  its  anterior  border 
till  it  pierces  the  buccinator,  to  terminate  by  a  simple  oiifice  in  the 
well-marked  fossa  between  the  check- pad  described  above  and  the 
superior  gum,  in  a  line  with  the  interval  lietween  the  first  and  second 
upper  true  molar  tee^h. 

The  ifubmnxillarff  gland  weighs  2^  oz.,  and  is  irregularly  cubical  in 
shape.  It  is  situated  just  under  the  angle  of  the  jaw,  covered  by 
the  digaBtric  muscle*     The  duct  is  K^^  inches  long;  anteriorly  it  is 
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closely  liound  to  the  inner  surface  of  tlxo  sublingiuil  gland ;  and  it 
opens  far  forwards,  close  to  fclie  fnoBum  of  the  tongue,  on  either  side 
of  it. 

The  siilUngual  gland  weighs  2  oz,,  and  is  composed  of  seTcral  small 
portions  which  open  separately,  almost  in  one  straight  line,  about  half 
an  inch  apart,  below  the  sides  of  the  tongue,  and  pEU^lel  with  the 
ramus  of  the  jaw.  The  whole  gland  is  about  6  inches  long  and  1  inch 
deep. 

The  cssophagus  lb  thick  and  muscuJar,  not  of  large  calibre ;  it  lias 
the  mucous  membmne  but  loosely  connected  with  the  muscular  parietsa^j 
and  aiTanged  in  bold  longitudinal  folds. 

The  stomach  is  of  a  very  different  shape  from  that  of  the  Indian 
Rhinoceros  as  figured  and  described  by  Professor  Owen,  and  in  most 
respects  resembles  that  of  the  horse.  It  forms  a  broad  tube  much 
bent  upon  itself,  with  the  cardiac  and  pyloric  orifices  approximated, 
and  a  deep  and  narrow  interv^aL  between  them,  in  which  the  znaia 
vessels  and  nerves  run,  and  across  wliich  the  peritoneum  extends* 
There  is  no  definite  constriction  between  the  cardiac  and  pyloric  por- 
tions of  the  viscus ;  but  there  is  a  peculiar  diverticulum  from  the  outer 
portion  of  the  tjai'diac  extremity,  of  a  subconical  form,  m  which  the 
Pagt*  96.  ha.se  of  the  cone  is  t!ic  attached  end.  The  whole  organ  is  therefore 
somewhat  globose,  with  the  above-mentioned  cardiac  ecocum  projecting 
to  the  left  side. 

Fig.  2. 


Stoninch  of  C.  tvmalrrwtU  (inferior  nr  pAripiiU  •urfacv). 
«,  t«riiuiuitiau  uf  a«i>plmgu»  j  p^,  comtucncing  diu^difuam,  jiut  Ue^wal  p^laru» 
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With  regard  to  the  size  of  the  Htomach,  the  greater  carvatnre  ia 
62  inches  in  len^^h,  and  the  lesser  6  inches ;  the  greatest  breadth  from 
side  to  side,  inclnding  the  cardiac  diverticulum,  is  2tj  inches  j  the 
greatest  depth  is  IB  iiicties;  and  the  length  of  the  diverticalum  ia  11 
incheSi  whilst  it  is  5^  inches  in  diameter.  Tbo  diameter  of  the  nndia- 
t^ided  CBsophagus  where  it  enters  the  f?tomach  is  2  inches,  and  of  the 
commencing  duodenum  1|  inch.  There  is  not  a  trace  of  enlargement 
of  the  duodenum  at  its  pyloric  end,  like  the  considerable  dilatation  in 
the  Indian  species,  A  large  portion  of  the  pyloric  portion  of  the 
stomach  is  situated  beyond,  or  to  the  right  of,  the  pylorus  itself;  but 
it  is  only  a  direct  continuation  of  the  cavity  of  the  viscus,  and  hard  I  j 
forms  a  true  ctd^de^&ac.  The  great  omentum,  which  does  not  cover  the 
intestines,  is  of  considerable  size;  it  contains  no  fat,  iind  la  not  in  any 
way  attached  to  the  colon,  bat  runs  np,  behind  the  stomach,  free  to 
the  vertebral  column. 

The  intenor  of  the  stomach  presents  a  similar  condition  to  that 
foond  in  the  Tapir  and  Horse,  the  mucous  Diemhi*ane  being  of  entirely 
difiterent  characters  in  the  cardiac  and  pyloric  portions.  That  in  the 
cardiac  end»  and  in  its  diverticulum,  is  much  phcated  in  all  directions, 
and  has  a  white  opaque  appearance ;  while  the  pyloric  portion  is 
covered  with  a  thick  and  apparently  smooth  raucous  membrane  of  the  Page  97. 
ordinary  colour.     The  line  of  junction  of  these  two  portions  is  abrupt ; 

Fig.  3. 
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51^  d 
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V         Stooiiu-'h  of  C.  ^umatreim*  (inner  eurface). 
w*,  a»H>|iha|;iis  ;  ptf^  pjlorufl  j  cc,  cardiwe  ful-de^wkJ* 
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and  its  position  cm.n  "be  best  imderstood  from  the  acoompanyiiig  draw*i 
ing,  in  whicli  it  is  seen  that  the  corrugated  white  opaque  epiiheliizml 
only  covers  abont  one-fourth  of  the  whole  cavity — ^namely,  the  margiDfl 
of  the  oesophagus  for  ahout  an  inch,  and  the  diverticulum,  from  which 
it  extends  to  the  right,  and  backwards  for  a  short  distance.  The  walk 
of  the  stomach  are  nearly  uniform  in  thickness,  being  a  httle  more 
muscular  at  the  cardiac  extremity  and  along  the  lesser  cnrvattire  than 
elsewhere.  When  the  organ  is  fully  distended  the  diverticulum  be- 
comes leas  conspictious,  the  direction  of  it^  superficial  fibres  being 
from  its  base  to  its  apex.  The  pyloric  muscular  ring  ib  strong  and 
nearly  an  inch  thick,  projecting  into  the  tube. 

The  small  intestine  is  36  ft.  long,  and  of  a  nearly  uniform  circum- 
ference of  G  inches,  reaching  7  inches  in  the  duodenum.  For  the  firet 
BIX  inches  after  the  pylorus  the  mucous  membrane  is  smooth  and  simple^ 
much  like  that  in  the  pyloric  portion  of  the  stomach.  The  seventh  and 
eighth  inches  present  irregular  folds,  which  immediately  gi^^e  place  to 
a  perfectly  nniform  aeries  of  thin,  continuous  (or  nearly  continuous), 
transverse  foldings,  just  like  the  valvule  conniventes  of  the  human 

Fig.  4. 
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small  intestine.    There  ai-e  nineteen  of  those  folds  in  each  six  indies  o£ 

the  intestine  ;  and  they  continue  nnchariged  to  within  half  an  inch  of  the  Page  98. 

ileo-csecal  valve,  where  they  cease.     Their  g^reat  nnmber  (over  1,300), 

extreme  simplicity,    and    nnifonnity  is  very  striking;    they  project 

nearly  ^  inch  into  the  intestine.     Many  are  continnous  right  round 

the  tabe;  but  where  two  approach  one  another,  as  is  frequently  the 

case,  an  intermediate  one  frequently  ceases  after  having  made  nearly 

a  complete  circle.     A  few  arc  to  be  seen  extending  for  only  about  an 

inch  ;  but  most  arc  either  that  size  or  considerably  longer.     There  are 

no  traces  of  any  triangular  or  cylindrical   papillte  the  whole  length  of 

the  intestine. 

The  bile  and  paucreatic  dacta  open  on  a  papilla  situated  a  foot  from 
the  pylorus,  among  the  valvulte  conniventes,  on  the  mesenteric  border 
of  the  gut.  This  papilla  is  conical  and  rounded,  projecting  half  an 
inch,  with  a  «ingle  oriSce  at  its  apex.  There  is  a  second  smaller  orifice 
for  a  duct  two  inches  further  on,  between  two  of  the  valvulaa  and  on 
one  side  of  the  main  one. 

No  Peyer*s  patches  could  bo  found  ;  and  in  their  usual  situation 
there  was  no  irregularity  of  the  valvulag  coaniventes* 

The  ileo-ciBcal  valve  does  not  project  to  any  extent  into  the  colon  ;  Pugo  09, 
but  where  the  small  intestine  ceases,  on  the   border  of  the  ileo-cffM3al 
orifice  which  is  nearest  the  caput  cteci^  there  are  two  closely  approxi- 
mated globose,  apparently  glandular  masses,  about  the  size  of  Tangerine 
oranges,  situated  in  the  walls  of  the  intestine* 

The  colon  presents  features  of  great  interest,  and  agrees  in  its  con- 
volntions  with  the  Indian  Rhinoceros.  When  the  abdomen  is  opened 
by  a  ventral  longitndLnal  and  transverse  incision,  the  posterior  por- 
tion, or  the  hypogastric  region,  is  seen  to  be  occupied  entirely  by  a  Page  100. 
lArge,  apparently  globose  viacua,  which  ia  the  ventral  wall  of  the 
c«8cnm :  anterioriy  to  tliis,  in  the  umbilical  region,  is  scon  a  very 
capacious  and  sacculated  tube,  running  nearly  transversely  and  a 
little  backwards  as  it  tends  to  the  left  side ;  this  is  the  posterior 
moiety  of  the  enormous  loop  of  the  first  part  of  the  colon  (ascending 
colon  in  man),  Further  forward,  in  the  epigastric  region,  and  some- 
what covered  by  the  ribs,  ia  seen  another  transverse,  but  less  con- 
siderable, sacculated  tube,  which  is  the  anterior  moiety  of  the  same 
loop.  There  is  no  omentum  covering  these  viscera.  Nothing  more 
CBkU  be  seen  without  moving  these  parts. 

When  the  intestines  are  removed  from  the  abdomen,  the  following 
disposition  of  the  viscera  is  observed.  From  the  huge  suhglobose 
ca?cum,  which  is  median  in  position,  with  its  axis  slightly  obhquely 
backwards  and  to  the  left,  the  colon  is  directed  forwards  and  to  the  Puge  loi. 
right ;  but  it  almost  immediately  gives  rise  to  the  very  considerable 
colic  loop,  w^hich  is  directed  first  tmnsversely  to  the  left,  and  con- 
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16  J  inches.  From  this  point  it  rapidly  reduces  in  the  transverse  ooloo, 
remaining  somewhat  saocnlateJ,  with  only  one  longitudinal  band^ 
which  is  at  the  mesenteric  border,  till  at  the  sigmoid  flexure  the 
diameter  is  6^  inches.  The  colic  loop  is  just  5  feet  long.  There  nre 
BO  regular  folds  of  the  mncoas  membrane  of  the  large  intestine^  bat 
many  minor  ones,  which  disappear  when  the  tube  is  distended.  Tht 
rectum  is  nearly  7  inches  in  diameter. 

This  arrangement  of  the  colon  is  different  from  that  of  the  Horso 
in  that  the  portion  corresponding  to  the  ascending  colon  is  longer  m 
the  latter.  In  the  Horse  and  Tapir  the  colic  loop  is  formed  from  the 
transverse  colon,  in  this  Rhinoceros  more  from  the  right  hypochon- 
driac angle  of  that  viscns.  In  the  direction  of  the  ca>cnm,  namely 
backwards  and  to  the  left,  the  Rhinoceros  agrees  with  the  Tapir  and 
differs  entirely  from  the  Horse, 

The  Ikwr  is  not  large,  considering  the  size  of  the  animal.  It 
weighs  slightly  over  15  lb.,  is  Aatteued,  and  has  no  gall-bladder. 
Adopting  Professor  Flower*s  method  of  describing  this  organ,  all  the 
main  divisions  are  indicated,  though  most  of  the  fissures  are  not  deep. 
The  left  lateral  lobe  is  the  largest,  and  is  overlapped  by  the  left  central 
Page  1C9.  along  its  median  border.  On  the  anterior  surface  the  fissure  between 
tlie  two  extends  upwards  to  the  left  lateral  suspensory  ligament,  and 
therefore  nearly  through  its  whole  surface  ;  posteriorly  it  only  extends 
up  to  about  two  thirds  the  distance.  Tbe  median  suture,  between  the 
lell  and  right  central  lol)es»  extends  halfway  up  the  organ  anteriorly 
and  not  quite  so  far  ijosteriorly,  where  it  is  stopped  abruptl^^  by  a 
transverse  bridge  of  hepatic  tissue.  Tbe  left  central  lobe  is  triangulari 
prismatic,  and  elongate,  coming  to  a  point  below  on  a  level  with  the' 
general  contour-line.  One  flat  surface  of  this  prism,  the  l&rgest,  is 
directed  forwards ;  and  the  other  two  ure  wedged  between  the  left 
lateral  and  right  central  lobes. 

The  right  central  lobe  is  less  differentiated  from  the  right  Lateral  j 
than  those  jnst  described  are  from  one  another,  the  fissure  only  extend* 
ing  upwards  a  short  distance ;  and  it  is  iUelf  cleft  to  nearly  the  eamt 
extent  near  the  middle  of  its  truncated  inferior  border.  The  right] 
latei^,  the  lol>e  scctmd  in  size,  is  suboval  and  simple,  with  the  margio 
entire.  Mcsially  it  slightly  overlaps  the  right  central  lobe  at  tt« 
inferior  comer. 

The  caudate  is  a  very  considerable  lobe,  shaped  mnch  like  the  Wl^ 
oentnil,  but  larger ;    it  is  elongate,  ovate,  prismatic,  and  pointed  at  it« 
free  eud.     The  largest  side  is  directed  forwards;    and  the  extrmal 
margin  of  the  right  lateral  overlaps  it  considorably.      It  is  15 J  inches 
long,  the  whole  liver,  when  lying  on  a  fiitt   slab,  measuring  22  inches  J 
across,  and  14  inches  from  above  downwards.      In  no  part  does 
measure  more  tban  3j  inches  from  before  Ijuek wards. 
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Page  102. 


A&torior  or  dmj))irap:ii!iMtic  stirfai*<?  of  livi?r  uf  C.  ^tmtiifntsfjt. 
» light  ceiitml  lol>o  t  rl\  ri^jlit  lutt^ml  ;  te^  left  ivritml  lob**;  //,  k'ft  laterttl  j 
I*,  caudute  lube  ;  Mp,  Spigelian  lobe  j   kv^  hepatic  vrins, 


Fig.  8. 


Py«t«ricir  or  nbdoniiual  hurfnce  of  livur  of  C,  tumairentiM, 

e,  right  centnil  lobis ;  rly  right  ktcml ;  Ic,  left  central  lobp  j  //,  left  kt^ral ; 

c,  Cttudate  lebo  ;  gp,  Spigelmn  lobe. 
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The  Spigelian  lobe  is  moat  |>ecTiHar,  nminlj  eonakting  of  a  tbin 
strip  of  bepatic  tissue,  8  incbes  long,  uDiformlj  |  incb  wide,  and  \  inch 
deep.  At  lis  attaebed  end  it  beoomee  somewhat  larger,  and  presents 
a  free  border  superiorly  for  about  an  incb. 

There  are  tbrce  large  bepatic  veins,  wbicb  spring  just  above  and 
behind  this  lobe^  on  tbeir  way  to  the  vena  cava. 

The  pancreas  is  iriTgular,  not  large  nor  concentrated* 

The  spleen  is  very  tbin  and  flat ;  it  forms  an  elongated  oblong, 
ronnded  at  one  end  and  squared  at  the  other.  Its  length  is  25  incheSt 
and«breadtb  8  inches.     It  is  slaty  in  colour,  and  weighs  *2|  lb. 

The  kidneys  are  flattened  and  oval  in  form.  One  is  6  inches 
broad  by  2  inches  long.  They  are  nearly  equal  in  size,  and  together 
weigh  10  lb.  The  bilum  is  linear,  and  on  the  inferior  surface,  not  at 
the  margin.  They  are  lobulated  externally,  but  not  so  much  us  the  Seals. 

The  heart  presents  no  peculiar  features.  The  whole  organ  weighs 
10  lb.  when  emptied  of  clots.  The  animlus  ovalis  is  well  market!^ 
and  forms  a  considerable  fold  over  the  fossa  ovalis.  The  commencing 
aorta,  wbicb  is  4  inches  long  and  3|  inches  across^  divides  into  two 
nearly  equal  branches,  one  of  which  is  continued  on  as  the  arch  of  the 
aorta,  with  a  diameter  of  1*85  inch  ;  the  other  gives  off  the  vessels  to 
the  bead  in  the  following  manner.  Immediately  after  the  main  divi- 
sion of  the  vessel  into  two  parts,  the  innominate  gives  off  the  left 
Bubcla%^ian,  which,  again,  is  much  divided  up.  The  innominate  then, 
3  inches  al>ove  its  origin,  divides  into  the  right  subclavian  and  the 
Page  104.  common  carotid  trunk^  which  latter,  after  a  simple  course  of  2  J  inches, 
divides  into  the  right  and  left  common  carotids.  This  disposition  is 
very  much  like  that  of  the  Llama  as  drawn  by  Professor  Owen.  The 
thickness  of  the  ventricular  septum  is  l^l  inch. 

The  lungs  are  extremely  simple,  coniform,  and  undivided,  except 
at  their  apices,  where,  as  in  many  animals,  they  send  down  smaU  lobetj 
which  overlap  the  auricles  of  the  heart.  They  are  nearly  equal  in 
size,  being  25  inches  long  by  15  deep  and  5  broad.  They  weigh  eack 
9-1  lb.  (nncongested). 

The  ut£rus  is  two-homed.  The  corpus  ut^ri  is  3J  inches  long  bf; 
2 J  inches  broad  ;  the  comua  are  1&|  inches,  by  2  inches  broad  ;  t 
are  both  very  diBtinctly  longitudinally  plicated.  The  os  uteri  is  much 
folded,  and  the  orifice  is  quite  small ;  from  it  to  the  oriBoe  of  the 
urethra  is  12  inches.  The  vagina  is  lined  with  a  squamous  epithelium, 
and  it  presents  a  few  trans veiTse  folds  about  3  inches  apart.  Its  cir- 
cumference in  the  middle  is  15  inches,  at  its  orifice  9  inches.  The 
urethra  is  2  inches  long,  and  admita  two  fingers. 

The  length  of  the  elongate  fringed  orifices  of  the  Fallopian  tubes  ia 
5  inches. 

The  clitoris  and  vulva  are  similar  to  those  of  the  Indian  species. 
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23.  ON  THE  BRAIN  OF  THE  SUMATRAN  RHINOCEROS  Page  4ii. 
{CERATORHINUS  SUMATRENSIS)* 

[Plate  IV.] 

Ik  a  commnnication  to  this  Society,  pnblislied  in  its  "  Proceedings" 
in  1873  (p.  92),  I  had  the  opportunity  of  describing  the  visceral 
anatomy  of  the  Snmatran  Rhinoceros  (Ceratorhinue  sumatrensi/)  from 
the  first  specimen  received  by  the  Society.  A  second  individual  of  the 
species,  a  female  (as  was  the  first),  was  deposited  in  the  Gardens  by 
Mr.  G.  Jamrach  in  July  1875,  and  was  subsequently  purchased.  It 
nnfiortunately  died  on  May  30th  of  this  year,  with  symptoms  of  lung 
disease,  a  post-mortem  examination  demonstrating  that  both  lungs 
were  nniformly  and  throughout  implicated.  My  friend  Dr.  James  F. 
€k>odhart,  of  Guy's  Hospital,  late  Pathological  Registrar  at  the  College 
of  Surgeons,  has  kindly  examined  these  organs,  and  reports  to  me 
that  they  "  show  a  very  extensive  catarrhal  pneumonia,  degenerating 
in  the  centres  of  most  of  the  patches.  There  is,  in  addition,  some 
peribronchial  inflammation,  evidenced  by  a  large  growth  of  nuclei  in 
the  submucous  and  deeper  tissues  of  the  bronchi.  The  disease  there- 
fore precisely  corresponds  with  the  caseous  pneumonia  to  which  man 
is  subject." 

The  specimen  is  the  one  referred  to  by  Mr.  Sclater  in  his  valuable 
and  superbly  illustrated  memoir  in  the  Society's  "  Transactions,"  vol.  ix. 
p.  651  (foot-note  ^). 

Feeling  how  important  it  is  to  obtain  all  possible  information  with 
reference  to  the  species,  and  not  having  removed  the  brain  in  the 
earlier  specimen,  I  took  the  opportunity  of  doing  so  in  the  second,  and 
ou  the  present  occasion  place  before  the  Society  the  drawings  of  the 
brain  from  different  aspects  (Plate  4,  [LXX]),  for  verification  of  which 
I  would  refer  the  reader  to  the  Museum  of  the  College  of  Surgeons, 
where  the  original  will  be  found  preserved  and  mounted. 

The  brain  of  the  Indian  Rhinoceros  {Rhinoceros  unicornis)  is  repre- 
sented in  its  different  aspects,  and  in  its  internal  detail,  by  Professor 
Owen,  in  the  "  Transactions"  of  this  Society,  vol.  iv.  pis.  19 — 22,  and 
is  described  shortly  on  page  58  et  seq.  of  the  same  volume.  To  this  it 
is  my  desire  that  the  figures  here  given  should  form  a  companion. 

By  comparison   it   will    be   seen   at   a   glance  that  the  brain  of 
^ifioceros  unicornis  is  slightly  more  simple  than  that  of  Geratorhinus 

•  "  Transactions  of  the  Zoological  Society,"  X.  pp.  411-3,  pi.  LXX.     Read,  June 
19, 1877. 
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Bumairenns^  alihongh  the  greater  size  of  the  former  species  w<mld 
hare  favomred  an  oppoBite  coudnBion. 

So  complicated  and  nnnieroTia  are  the  convolutions  that  the  generol 
type-plan  of  their  dispofiition  is  to  a  conBiderable  extent  disguiBed. 
^'jplgp  412.  They  very  closely  resemble  the  same  in  the  Equidfle,  as  might  ImTe 
been  surmised.  The  whole  brain,  however,  is  broader,  especiallj  near 
the  postorior  portion  of  the  cerebral  hemispheres,  where  the  breadth 
is  considerably  greater  than  further  forward. 

The  accompanying  diagram  will  facilitate  the  description-  It  re- 
presents the  disposition  of  the  main  convolutions  upon  the  superior 
aspect  of  one  hemisphere,  and  exhibits  the  direction  of  the  sulci  which 
divide  them.  Two  diagonal  sulci  cut  up  the  posterior  part  of  each 
lobe  into  three  oblique  gyiH,  which  may  be  called  the  (1)  eitemul, 
(2)  middle,  and  (3)  internal  gyrus.  The  middle  and  internal  of  thmm  < 
fuse  together  near  the  transverse  line  which  joins  the  two  rudimentaiy 
Syhian  fissures,  anteriorly  to  which  there  la,  in  the  Equidaei,  no  indi* 
cation  of  further  primary  longitudinal  division.  The  external  obUqoo 
gyrns  continues,  from  this  line,  directly  forwards,  and  independeni.. 
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trppor  Tiew  of  loft  Ofrebral  hemispliere  of  Ceraiorhinms  tmna/fvittit*  »howiitf 

getieml  diret*tioTi  of  sulci. 

In  Cerai^rrhintis  sumatrensis  the  internal  oblique  gyrus  is  triangular 
in  shape,  its  inner  boundary  being  the  great  longitudinal  fissure  of  tli© 
horaispheres,  into  which  it  descends  a  short  distance*  In  the  EqiiicljD 
the  inner  boundary  of  this  gyrus  is  more  superficial,  and  can  be  8«m 
as  a  straight  longitudinal  line,  just  external  to  the  fissure  itself^  in  the 
superior  view  of  the  brain.  The  whole  gyrus  is  much  broken  tip  by 
minor  foldings  of  it«  elements,  especially  in  its  median  portion,  ita  | 
outer  moiety  consisting  of  a  minor  gyms,  whose  general  direcikKB  Is  , 


[fr^j^'c.i3o  m^Mzxx) 
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a  contiDuous  oblique  lino,  fairly  regularly  bent  upon  itaelf,  first  one 
way  and  then  the  reverse. 

The  median  obliqae  gyma  is  diFided  into  two  nearly  eqnal  moieties 
by  a  fissnre  rnnniiig  parallel  to  its  direction,  each  half  being  much 
doubled  upon  itself.  Anteriorly  bridging  minor  convolutions  blend  it 
with  the  internal  oblique  gyms,  about  one  third  distant  from  the  ante- 
rior extremity  of  the  hemisphere,  in  front  of  which  the  broad  oblong 
cerebral  surface  is  divided  by  a  longitudinal  sulcus  into  two  equal 
moieties,  both  convoluted.  In  the  great  breadth  and  di  via  ion  of  this 
anterior  portion  the  Rhinoceros  under  considemtion  differs  from  the 
Eqnida?,  and  agrees  with  Ekimtceros  uniconm. 

The  external  oblique  gyrus  is  much  doubled  on  itself,  and  sepa- 
rated from  the  Sylvian  fissure,  which  it  snrronnda,  by  minor  convolu- 
tions, more  strongly  differentiated  anteriorly. 

On  the  inner  surface  of  the  hemisphere  the  hippoeampal  gyms  is 
seen  to  be  traversed  by  minor  sulci  and  slight  folds  which  run  parallel 
to  its  length,  ns  in  the  Equidro,  the  calloso-marginal  sulcus  following 
the  anterior  bending  of  the  corpus  callosum,  and  not,  as  in  so  many 
Artiodactyla  (but  not  in  the  Eqnidro),  becoming  saperficiai  ante- 
riorly. 

The  fissnre  of  Sylvius  forms  an  open  angle,  at  the  bottom  of  which  Pa^e  413. 
are  situated  a  number  of  small  convolutions  radiating  from  a  pointy 
^^ivhich  I  take  to  be  the  island  of  ReiL 

|H  The  under  surface  of  the  brain  exhibits  the  smooth  anrfacea  of  the 
'  middle  lobes  of  the  hemispheres  and  the  smooth  broad  roots  of  the 
equally  broad  olfactory  nerves,  which  are  not  lobate  at  their  anterior 
extremities.  The  optic  chiasraa  is  short,  the  two  optic  nerves  springing 
from  its  anterior  surface  quite  close  together.  The  pons  Varolii  is  not 
large,  the  reverse  being  the  case  with  the  crura  cerebri  and  the 
corpora  albicantia* 

The  lateral  lobes  of  the  cerebellnra  are  small  compared  with  the 
median  portion,  as  is  the  case  in  the  Ungulata  generally. 


* 


DESCEIPTION  OF  PLATE  4  (LXX). 

Brain  of  Ceraiorhinm  tumatrenHi, 

Fig,  1,  lAtond  view  of  right  cerebral  hCTniBphere. 
%,  Inferior  view  of  left  half  of  brain, 

3,  Superior  vipw  of  loft  Imlf  of  brain. 

4,  Internal  view  of  right  cerebral  kemiciphijre. 
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P^2.  24.  ON  THE  DEATH  OF  A  RHINOCEROS  IN  THE 
SOCIETY'S  GARDENS,  AND  ON  SOME  POINTS 
IN  ITS  ANATOMY.* 


**  Mr.  A>  H.  Garrod,  in  drawing  attention  to  tlie  death  on  Decem- 
ber 14tli  of  the  female  Rhmoc&ros  tmicoTrniSi  which  had  lived  in  the 
Society's  Gardens  for  more  than  twenty-three  years,  remarked  that  the 
only  pathological  sign  detected  was  the  enlargement  of  the  lymphatic 
glands  at  the  base  of  the  hc*art,  Mr.  Garrod 's  observations  on  the 
visceral  anatomy  of  this  Khinoceros  were  qnite  confirmatory  of  those 
of  Professor  Owen.  In  addition,  he  mentioned  that  there  was  a 
minnte  os  corrfu  at  the  attached  margin  of  one  of  the  aortic  valves, 
and  that  in  the  Perissodactyla  this  bone  is  not  always  absent,  as  by 
some  snp posed,  he  having  found  a  large  one  in  a  Snmatran  Tapir. 
The  remarkable  difference  between  the  arrangement  of  the  mncous 
membrane  of  the  small  intestine  in  the  Indian  and  Snmatran  Hhino- 
cerotes  (that  of  the  former  being  produced  into  villi  nearly  an  inch 
long  through  its  whole  length,  whilst  in  the  latter  these  were  repre- 
sented by  valvnIsD  connivent^s)  was  also  illustrated  from  specimens  in 
spirit.** 


i 


Page  707. 25.  ON  SOME  POINTS  IN  THE  VISCERAL  ANATOMY 
OF  THE  RHINOCEROS  OF  THE  SUNDERBUNDS 
{RIIINOCEEOS  SONBAfCUSyt 

Our  present  knowledge  of  the  visceral  anatomy  of  the  Rhinoc6rotid«e» 
is  confined  to  that  of  the  two  species  UhinoceroM  unicornis  and  CertUo* 
rhmm  Bximairetm^,  Professor  Owen  has  given  ne,  in  the  •*  Tnuisac* 
tiona'*  of  this  Society  (vol.  iv.  pp.  31  ei  seq.)  an  exhaustive  account  of 
the  former  of  these  animals ;  and  in  the  **  Proceedings**  (1873,  pp,  92 
ct  s€q.}X  it  has  been  my  endeavour  to  indicate  most  of  the  im- 
portant features  in  the  latter,  which,  as  Professor  Flower  has  kindly 
pointed   out  to  me,  were   briefly  described  by  Sir  E«  Home  in   the 


•  •*  Ptoce^ding*  of  thp  Zoological  Society,*'  1874.  p.  f.    Btmd,  Jan.  9^  WC 
t  "  Proccvdingn  of  the  Zwilogiail  8o<nHr,"  1H77,  pp*  7o7-lL      HnMi/Xo^ 
1877*  Z  ^'**pr^.  p.  130. 
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"  Philosopliical  Transactions''  (1821,  p,  271),  On  the  present  occa^ 
BTon  I  bring  before  tlie  Society  mj  notes  on  a  yoang  female  of  the 
Sondaic  Rhinoceros  (Ukinoceros  807idaiGtis)^  which  died  in  the  mena- 
gerie of  Mr,  C,  Jamrach,  after  having  been  in  this  coiintiy  for  a  little 
more  than  half  a  year*  It  was  only  the  skinned  triiink  which  came 
iuto  mj  possession,  It  is  the  nature  of  the  miicoas  membrane  of  the 
bihaII  intestine  which  was  oertaio  to  be  of  greatest  interest ;  and  this 
I  am  able  to  describe  in  detail* 

The  indiridnal  nuder  consideration  measures,  stuffed,  6  feet  2  inches 
from  the  tip  of  the  nose  to  the  base  of  the  tail.  The  tail  itself  Is  a 
foot  long,  whilst  the  height  of  the  animal  at  the  shoulder  is  3  feet. 
From  the  middle  of  the  occipital  crest,  along  the  curve  of  the 
superior  surface  of  the  skull,  to  the  tipg  of  the  nasal  bones  is  13^ 
inches,  the  same  measurement  in  adult  animals  being  22  inches. 

The  single  milk-incisor  on  each  side  of  each  jaw  is  still  in  place,  as 
are  all  the  milk^molara.  The  first  true  molar  has  not  cut  the  gum; 
but  its  cap  is  seen  within  the  bony  alveolus.  No  traces  of  the  other 
molars  are  visible. 

Mr.  E.  Gerrard  has  kindly  lent  me  the  skull  for  examination.  In  Page  708, 
its  base  it  exhibits  the  characteristic  peculiaritiea  of  the  species  so 
clearly  enunciated  by  Professor  Flower,*  the  vomer  being  free  behind 
and  developed  into  a  tongue- shaped  process  ;  the  meso pterygoid  fossa 
being  expanded,  and  the  free  ends  of  the  pterygoids  everted  at  the 
same  time  that  they  are  broad.  No  second  combing-plate  is  present 
on  the  uncut  first  upper  molar  tooth. 
|H  The  animal  is  too  young  to  be  contrasted  advantageously  with 
Professor  Peters'  drawiiigf  of  Uhlnoccros  triermi^j  Lesson.  I  have, 
however,  taken  the  opportunity  of  comparing  that  figure  with  the 
skulls  of  i?.  sondaicus  in  the  College  of  Surgeons'  Museum,  and  fail  to 
see  that  there  are  sufficient  differences  to  justify  specific  differentia- 
tion. Professor  Flower  bad  previously  done  the  samej  and  had  arrived 
at  a  similar  conclnsiDD,  as  he  found  that  even  greater  differences  than 
those  pointed  out  by  Professor  Peters  arc  to  be  detected  in  individuals 
which  are  all  undoubtedly  of  Indo-Malay  origin. 

In  skin-folding  and  surface- texture  the  Sunder  bund  and  Javan  Page  709. 
specimens  agi'ee  exactly  ;  the  youug  Sanderbmid  animal  presenting  a 
most  striking  uniformity  in  tbo  size  of  the  epidermic  tnberculation, 
except  in  the  gluteal  region,  where  the  boil er-bolt-sb aped  tul>ercles  are 
somewhat  larger  than  elsewbeTO.  Along  the  hack  the  scattered  brown 
hairs,  which  spring  from  the  yielding  linear  inter  tubercular  surfaces, 
arc  also  well  developed. 

•  **  ProccedingB  of  the  Zoolt>giml  Society,*'  187B,  p.  447. 
t  "Monatsb.  tier  Itonigl  Akad.  tm  Berhn/'  1B77,  p-  HS,  pi  ii. 
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sen  ted  in  Fig.  1  [p.  148]»  whei^e  tliey  are  seen  to  consist  of  flattened, 
round-tipped  processes  of  tlie  mucosa  membrane,  seventl  of  which  are 
blended  at  their  bases,  in  transverse  lines*  None  are  more  than  *H  of 
an  inch  in  length,  and  most  about  'ti  inch  broad  where  they  first 
become  free,  Thej  give  the  impression  of  being  incomplete  valvatets 
conniventes  which  have  been  cut  and  deeply  jagged  at  their  free  edges. 
The  opening  of  the  bile-duct  in  7  inches  from  the  pylorus,  being  a 
nipple-like  tubular  projection,  nearly  an  inch  long,  among  the  papilhe. 
Prom  the  spot  whore  they  commeQcet  all  the  way  to  the  ileo-c cecal 
valve,  these  papillm  are  found — those  near  the  last- named  situation 
differing  from  those  in  the  duodenum  in  being  more  scatteixid  and 
freer  from  one  another,  many  in  the  ileum  springing  independently 
from  the  mucous  membi-ane,  Nowhei-e,  however,  are  they  otherwise  Page  711. 
than  flattened,  broad,  and  bluiiit-tippedj  none  anywhere  being  circular 
and  slender  like  ihose  in  the  ileum  of  It.  miicornu*  the  existence  of 
which  I  have  had  the  i^pportunity  of  verifying.     They  never  exceed 

Fib.  2. 


MucoUB  surfiic^  of  iltfuiu  of  Rhinoeerut  tondaicv*. 

*3   of  an   inch    in   length.     Kumerous  Peyer*s  patches  exist  in  the 

ileum,  as  may  bo  inferred  from  Fig.  2,  which  is  a  representation  of 

•  '•  Xrftn«i«  tiuii»  of  the  Zoologicid  Soeitty, '  IV.  pi.  XIL  fig.  3. 
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Of  the  gpecimen  here  fignred  the  breadth  (after  being  kept  in 
alcohol)  of  the  scolex,  opposite  the  suckers,  is  4  millimetres,  whilst 
the  depth,  to  the  lower  of  the  two  more  strongly  marked  transverse 
Page  789.  lines  below  the  snckers  (the  proliferating  area),  is  3  millimetres. 
The  breadth  of  the  largest  of  the  proglottides  is  3*1  centimetres, 
their  depth  being  4*5  millimetres.  One  decimetre  from  the  end  of 
the  scolez  the  proglottides  are  1*42  centimetre  in  breadth. 

In  one  respect  the  scolex  differs  from  that  described  by  Dr.  Peters, 
the  rostellnm  or  little  conical  elevation  between  the  snckers  being 
scarcely  even  indicated  as  sach.  This,  however,  seems  hardly  suffi- 
cient to  justify  specific  separation. 

It  is  an  interesting  fact  that  three  different  species  of  Rhinocero$^ 
so  separated  in  their  distribution,  should  be  troubled  with  the  same 
tapeworm,  which  must  therefore,  unvarying,  have  followed  the 
ancestral  species  in  its  different  variations,  now  so  easily  distinguish, 
able. 


Page  196.  27.   NOTES   ON    THE   ANATOMY  OF  THE  BINTURONG 
{ARCTICTIS  BINTURONG)* 

Cehtain  points  in  the  anatomy  of  the  soft  parts  of  the  Binturong,  a 
knowledge  of  which  is  necessary  to  assist  in  substantiating  the 
generalisations  of  Mr.  H.  N.  Tumerf  and  Professor  Flower  J  as  re- 
gards the  correct  classification  of  the  Camivora,  being  as  yet  unde- 
termined, the  recent  death  of  a  male  specimen  enables  me  to  supply 
tbem. 

Dr.  Cantor§  and  Professor  Owen||  have  described  the  alimentary 
canal,  noting  some  of  the  most  important  points ;  but  neither  has 
entered  much  into  detail,  and  the  generative  organs  in  the  male  arc 
not  included  in  their  descriptions. 

Alimentary  Canal, 

With  regard  to  the  palate,  there  are  ten  transverse  ridges  extend- 
ing across  its  anterior  part ;  they  are  not  very  strongly  marked.     The 

•  "  Proceedings  of  the  Zoological  Society,"  1873,  pp.  196-202.  Read,  Feb.  18, 
1873. 

t  ••  Proceedings  of  the  Zoological  Society,"  18 i8,  p.  63  el  st-q. 
X  '•  Proceedings  of  the  Zoological  Soi'iety,"  18()9,  p.  4  et  seq. 
§  "Journal  of  the  Asiatic  So<iety  of  Bengal,"  18 W,  p.  192. 
II  "Anatomy  of  Vertebratt^s,"  1868,  III.  p.  -il-S. 


THE  ANATOJIY   OF   TirE   ECCTURONG. 


153 


anterior  6ve  form  continuous  cnrves,  convex  forwards,  the  first  boing 
just  behmd  the  incisor  teeth ;  the  poeterior  five»  starting  from  the 
sides  forwards  and  inwards,  torn  suddenly  backwards  at  right  angles 
to  their  former  direction,  and,  meeting  in  the  middle  line,  produce 
V-shaped  patterns,  with  the  concavities  directed  forwards;  they  are  Piige  197. 
also  somewhat  further  apart  than  those  in  front,  and  have  one  or  two 
rows  of  maramillated  projections  in  the  spaces  thus  left.  The  back 
part  of  the  pahite  is  not  ridged  ;  and  the  uvula  is  represented  l>j  two 
slight  projections,  one  on  each  side  of  the  middle  line,  with  a  very 
shallow  no  tell  between  them. 

The  toiujue  is  'A  inches  long  from  the  tip  tio  the  posterior  of  the 
circumvalhite  papilla? ;  its  sides  are  nearly  straight  and  parallel,  con- 
verging slightly  in  front;  at  its  base  the  breadth  is  1  inch,  and  in 
front  it  decreases  to  J  inch.  The  mucous  membi'ane  covering  its 
lower  enrfaco  and  the  floor  of  the  mouth  is  smootli ;  and  the  saperior 
edge  of  the  fra?nnm  liiigua?  is  1^  inch  from  the  tip,  whieh  latter  is 
simply  roaoded.  The  macoiis  membrane  of  the  superior  surface, 
which  is  thickly  set  with  papilla?,  extends  up  to  and  slightly  over  the 
margins  of  the  tongue  in  its  anterior  part,  forming  a  thin- edged 
fringe  all  along  the  border.  The  anterior  half  of  the  superior  surface 
is  covered  with  easily  visible,  hispid,  feline,  retro  verted  papillae,  par- 
ticularly large  at  the  centre,  diminishing  in  size  laterally  and  for- 
wards, where,  at  the  extreme  margin,  some  fungiformes  arc  mixed  np 
with  them.  In  the  back  part  of  the  tongue  the  papill©  fungiformes 
are  sparsely  scattered  among  the  diminished  lili formes;  and  the 
papilla?  circumYallatsB,  nine  in  number  and  not  equal  in  size,  form 
the  usual  V,  four  on  each  side,  with  one  median  and  posterior. 
Between  these  and  the  epiglottis  the  mucous  membrane  is  soft  and 
oovered  sparsely  with  thin  cylindrical  papilla?,  some  of  which  reach 
^  inch  in  length  j  these  are  most  uniform  in  diameter  from  end  to 
end  near  the  middle  line,  and  towards  the  sides  they  become  shorter 
and  broader  at  their  bases,  till  they  blend  with  and  become  un- 
distinguishable  from  their  tiliformes.  No  osailied  lytta  could  be 
found. 

The  parotid  is  slightly  the  largest  of  the  salivarif  glands ;  it  is  irre- 
gularly shaped  and  thin  at  its  edges,  where  it  is  interpolated  between 
the  muscles.  The  submaxillary  gland  is  egg-shaped,  and  about  |  inch 
in  average  diameter ;  its  duct  runs  far  forwards  on  the  floor  of  the 
mouth,  opening  within  J  inch  of  that  of  the  opposite  side,  upon  the 
gymphyeis  of  the  jaw  and  closely  bound  to  it,  just  behind  the  ctmine 
teeth  and  half  an  inch  behind  the  incisors.  The  sublingual  gland  is 
elongate,  and  nearly  as  large  as  the  submaxillary. 

The  stomach  has  a  very  peculiar  shape,  being  elongated  longitu- 
dinally, and  consisting  of  a  longitudinal  cylindrical  portion  running 
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^iit  iLself ;  tlie  colon  and  stTiall  Intestine  are  of  nearly  equal  diameter 
and  oiniformly  cylindrical.  The  omenium  only  covered  the  intestines 
to  a  small  extent,  not  going  more  than  half  down  the  abdomen. 

The  liver  presents  all  the  known  lobes  ;  and  the  left  lateral,  right 
central,  and  right  lateral  are  large.  The  lateral  fissures  extend  deeply 
into  the  organ.  The  right  central  lobe  is  considerably  cut  up ;  the 
fissure  of  the  gall-bladder  is  deep ;  and  a  small  aupplementaiy  lobule 
covers  the  fundus  of  that  viscns  on  its  abdominal  surface.  The  left 
central  lobe  is  much  more  conspicuous  on  the  diaphragmatic  than  on 
the  abdominal  snrfac©.  Tho  caudate  lobe  is  larger  than  usual,  and 
quadrangular,  presenting  the  renal  fossa  well  developed,  and  being 
perforated  by  the  vena  cava  inferior.  The  Spigelian  lobe  is  elongate- 
oval|  pointed  at  its  free  end,  and  it  does  not  reach  as  far  as  the  left 


Fig.  3, 


VP^i 


Lirer  of  the  Bititurong* 

The  Tariou*  lohci  nro  lettered  na  follow*  t — ll,  left  ktornl ;  LC,  left  wntra) ;  11% 
right  oeotml ;  bl»  right  luicrul ;  s,  Spigelinti  j  c,  cautloic  ;  mud  OB  u  the  gall- 
bkddor. 

In  order  to  focilitftte  oompaiiion,  the  direction  of  the  ihnding  in  tli©  diflcrmt 
lubes  in  varied,  nU  porta  of  the  «aiD«  lobe  being  »biided  in  the  same  diroction«  irhiUt 
I  he  lobc3t  on  eacli  aiclis  are  differentlj  ilmdiMl  j  the  left  luteml,  honreref,  m  far  ot^er- 
bpi  th«  left  CMsntrftl  u  lo  appeiir  lo  be  cotuicctixl  mlh  the  right  <vntral 
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TTiargin  of  the  liver*     The  general  coiitoiir  of  the  lobos  ib  even,  with  a 
few  slight  irregalaritiea  now  and  then* 

The  spleen  is  long  and  thin ;  it  is  6|-  inches  long,  f  inch  acrofis, 
tapering  and  rounded  at  the  ends. 

The  kidneys  are  smooth  and  reniform. 

Each  Inng  is  divided  into  difltinct  lobes,  the  left  into  three,  and 
the  right  into  four,  the  extra  one  on  the  right  side  (the  azygos)  being  Page  200. 
behind  and  nearly  in  the  middle  line. 

The  urinary  Madder  in  this  specimen  was  very  mach  distended,  and 
ascended  a  considerable  way  into  the  abdomen  as  a  narrow  pyriform 
sac* 

The  testes  were  situated  in  the  scrotum,  which  projected  backwards 
from  the  greatly  developed  mass  of  perineal  glands.  Of  these  last- 
mentioned  glands  Dr,  Cantor  remarks: — "Between  the  anna  and 
penis  is  situated  a  large  pyriform  gland*  exceeding  2  inches  in  length, 
partially  divided  by  a  deep  naked  fossa,  commencing  from  the  latter 
organ.  The  ghuid  secretes  a  light-brown  oily  fluid,  of  a  peculiar 
intense,  but  not  fcetid  or  sickening  odour/*  The  deep  cleft  above 
mentioned  is  longitudinal;  and  it  is  over  its  naked  approximated 
sides  that  the  orifices  of  the  numeroue  simple,  pyriform,  yellowish, 
translucent  glands  open-  Each  separate  gland  is  about  J^  or  f  inch 
long,  and  ^  inch  across  at  its  broadest  part,  near  its  base.  The  two  Page  201, 
lateral  aggregated  collections  of  these  glanda  make  up  the  oval  or 
nearly  circular  mass  in  front  of  the  testes ;  and  the  raphe  of  the 
perineum  runs  at  the  bottc^m  of  the  cleft  between  them.  The  penis, 
in  its  non-erect  condition,  does  not  project  more  than  ^  inch  beyond 
them. 

The  prostate  is  present,  but  only  forms  a  small  gland nlar  ma«s 
round  the  sides  and  inferior  portion  of  the  urethra.  It  is  situated 
3i  inches  from  the  base  of  the  bladder,  being  simple^  -J-  inch  broad^ 
and  I  inch  long.  Cmi^er'g  gJatids  are  situated  1^  inch  in  front  of  it; 
they  are  oval,  and  each  is  j\  inch  broad  and  ^  inch  long.  The  testes 
measure  1|  inch  by  xV  i^i^^h.  There  is  no  os  penis.  The  glans 
penis  is  conical  and  pointed,  |  inch  long,  and  presents  round  itB 
biise  several  small  dark  brown  bard  flattened  pn  pi  lite,  about  ^V  ^^<^^ 
long. 

The  vesiculcB  seminalea  are  absent. 

The  anal  glands  are  simple,  globose,  and  thin- walled,  about  ^  inch 
in  diameter ;  their  orifices,  one  on  each  side,  are  extremely  smalh 

The  brain  presents  the  feline  characters  so  clearly  point-ed  out  by 
Prof.  Flower  ;♦  and,  as  in  FeliSf  it  differs  from  that  of   Vi'verra  in 


•  ♦•  Proceedings  of  Lhe  Zoological  Sot-ietj,"'  1869,  p.  478. 
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ImviDg  the  posterior  and  not  tlie  anterior  of  the  limbs  of  the  iniemal 
eircnmfijlvian  gyrns  of  greater  breadths 

Fig.  4. 


Bnun  of  the  Bioturoog. 

The  Sjl^rian  fiBsnre  t«nds  to  be  vertical,  bat  is  directed  somewlukt 
backwards  as  well  as  upwards? .  It  is  snrronndod  bj  tbree  gyri.  The 
inner  commences  bebind,  near  the  lower  border  of  the  temporal  lobe, 
and^  after  ascending  as  high  as  the  top  of  the  fissure,  bends  round  it 
and  descends  on  the  frontal  lobe  to  the  supraorbital  fissure,  when  it 
again  doubles  forwards  to  forin  the  commencement  of  the  middle 
gyms.  Its  posterior  Hmb  is  twice  the  breadth  of  the  anterior,  and  is 
bisected  by  a  vertical  fissure  which  extends  down  as  far  as  the  hori- 
zontal temporal  fissure.  The  middle  gyrus  is  of  uniform  breadth 
throughout,  and,  commencing  at  the  folding  of  the  inner  gyms  on  the 
frontal  lobe,  goes  round  it  and  terminates  at  the  lower  border  of  the 
temporal  lobe  behind ;  there  is  no  fold  in  it  at  itn  posterior  superior 
angle.  Tbe  third  or  outer  gyms  is  bat  slightly  bent  in  its  anterior 
Fag©  202.  limb,  which  commences  at  the  supraorbital  fissure ;  it  embraces 
the  middle  gyms,  and  does  not  cease  opposite  its  posterior  superior 
angle,  but  descends  about  halfway  dovvn  its  poeterior  limb  to  end  by 
a  point. 

The  whole  bmin  narrows  in  front ;  and  the  cmcial  snlcns  te  not  ai 
all  strongly  marked.  The  corpora  albicantia  are  separated  behind  i 
and  the  optic  nerves  in  front  of  the  elnasraa  mn  forwards  oloac  to- 
gether.    The  pituitary  body  is  of  fair  size. 
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28.  NOTE  ON  THE  ANATOMY  OF  THE  BmTURONG    Page  142. 
(ABCTICTIS  BINTURONG).^ 

In  an  earlier  communication  f  I  was  able  to  confirm  the  observationB 
of  others,  and  to  add  fresh  details,  with  reference  to  the  anatomy  of 
Arcticiis  htniurong.  Since  that  paper  was  published,  two  other  speci- 
mens of  the  species  have  passed  through  my  hands,  the  earlier  of 
which  differed  in  no  respect  from  the  one  which  I  have  previously 
described.  The  last,  however,  which  died  on  January  4,  1878,  pre- 
sented a  peculiarity  which  I  feel  to  be  deserving  of  record.  It  was  a 
female,  apparently  adult,  having  lived  in  the  (hardens  of  the  Society 
since  October  19,  1875.  The  abnormal  feature  which  it  presented 
was  the  total  absence  of  any  trace  of  the  colic  cascum,  which,  as  is 
shown  in  a  drawing  accompanying  my  former  paper,  is  normally 
extremely  small. 

The  line  of  separation  between  the  small  and  large  intestines  is 
well  defined ;  and  there  is  no  valvular  constriction  between  the  two 
tubes,  as  is  the  case  in  the  Arctoidea  generally.  There  is  a  large 
Peyer's  patch  quite  close  to  the  termination  of  the  small  gut. 

The  non-constancy  of  the  presence  of  the  diminutive  caacum  in 
ArcHetts  hvnturong,  and  its  total  absence  in  Nandinia  hinotata,X  makes 
it  evident  that  the  existence  of  the  caecum  is  a  less  important  diag- 
nostic character  than  was  inferred  by  earlier  investigators. 

•  "  Proeeedinga  of  the  Zoological  Society,"  1878,  p.  142.    Bead,  Feb.  5, 1878. 
t  "Proceedings  of  the  Zoological  Society,"  1873,  p.  196.     {0pp.) 
X  Vide  Prof.  Flower's  "Note,"  "Proceedings  of  the  Zoological  Society,"  1872, 
p.  683. 
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Page  202. 29.   ON  THE  CAUSE  OF  DEATH  OF  A  BLACK-FACED 
KANGAROO  {MACROPUS  MELA  NO  PS)  • 


The  cold  weather  of  the  first  week  of  this  month  coming  on  rather 
saddcnly,  scorns  to  have  been  the  caaee  of  the  death  of  three  anunals 
in  the  Gardi^ns,  in  all  of  wtiit;h,  on  post-moiiem  examination,  it  wiiA 
foand  that  the  lesion  was  the  result  of  excessive  and  abnormal  move- 
ment in  the  abdominal  viscera.  A  Faradoxnre  died  from  intussnj^cep* 
lion  of  the  small  intestine,  part  going  through  the  ileo-ccecal  valve  into 
the  colon;  an  Emu  from  prolapse  of  a  considerable  length  of  the  ali- 
mentary canal ;  and  the  above-named  Klangaroo  from  strangulation  of 
a  loop  of  small  intestine  by  the  tight  twisting  round  it  of  the  ceecum — 
a  most  uncommon  lesion,  which  proves  that  the  possession  of  that  ap- 
pendage has  its  disadvantages  as  far  as  the  individual  is  concemed^ — 
jnst  as  in  several  human  subjects  death  has  been  proved  to  have 
occurred  from  impaction  of  small  bodies,  like  cherr^^-stones,  in  the 
appendix  vcrmiformis. 

In  the  Kangaroo  under  consideration,  on  opening  the  abdomen  the 
attention  was  immediately  drawn  to  a  large  loop  of  strangulated  small 
intestine,  quite  black  from  congestion,  and  partly  covered  with  flakes 
of  recent  lymph,  the  result  of  the  induced  peritonitis,  which  was  in- 
considerable. The  length  of  gut  involved  was  nearly  two  yards  after 
it  had  been  detached  from  the  mesentery  j  bat  in  the  body  of  the 
animal  it  appeared  considerably  shorter,  from  being  convoluted  in  the 
ordinary  manner*  The  last  foot  or  so  of  the  small  intestine  was  not 
included  in  the  diseased  loop,  which  consisted  of  the  portion  immedi- 
ately preceding  it.  The  caecum  was  about  a  foot  and  a  half  long,  and 
was  situate  in  the  right  iliac  region,  from  which  it  extended  to  the  left 
superficially,  and  then  again  to  the  right  behind  the  loop  of  intestine 
which  it  encircled^  so  that  the  caput  csci  could  be  seen,  distended 
with  gromouB  matter  (as  was  the  strangulated  portion),  to  the  right. 
With  care,  whiJe  the  \4Bcera  were  m  silu^  the  little  finger  oonld  be 
introduced  into  the  ring  thus  artificially  formed ;  and  it  was  evident 
that  the  constriction  was  mostly  produced  by  the  mesenteric  band 
which  attaches  the  proximal  portion  of  the  ca3cnm  t^  the  small  in* 
testine.  There  were  no  adhesions  of  importance.  The  viscera  were 
removed  en  tnasse;  and  afterwards,  without  the  least  difficultyt  the 
ciTicum  was  nncoiled,  and  the  intestme  was  then  left  quite  pervious. 


•  "Proccvdingi  of  th«  Zoological  Sod^y/'  187d»  pp,  fttt-Sw    Bead,  F^b.  IS, 
1873. 
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The  mesenteric  border  of  the  caecum  was  nearly  as  black  as  the  atran-  Pago  I 
gulated  pajt ;  but  it  was  more  normal  in  colour  elsewhere.     The  ali- 
mentary canal  was  not  at  all  over-distended  with  food  j  and  the  colon 
was  nearly  empty. 

Till  the  attack  came  on  wbich  caused  it^  death,  the  animal  was 
in  excellenfe  health.  It  was  ill  only  forty  hours.  At  first  it  lay  out 
Btrajght  on  its  back  for  somo  hours ;  but  during  the  last  day  of  its  lif© 
it  was  much  doubled  up,  with  its  head  between  its  legs. 


30.  ON  THE  CAROTID  ARTERIES  OF  BIRDS. 


Between  the  years  1825  and  1880  three  anatomists  published  the 
results  of  their  independent  observations  respecting  the  number  of 
^nd  the  variations  in  the  carotid  arteries  of  the  different  me mbera  of 
le  class  Aves.  The  first  of  these  was  Bauer,t  who,  in  1825,  pointed 
Wmt  some  of  the  most  noteworthy  pecuKarities,  which  have  been  sub- 
sequently verified,  Meckel, J  in  1826,  was  enabled  to  demonstrate  the 
existenoe  of  other  marked  variations  \  and  his  observations,  extending 
over  a  considerable  period,  are  incorporated  in  his  **  Comparative 
Anatomy.**  In  1820,  C-  L.  Nitzsch  eolocted  the  same  subjeet  for  a 
disquisition  before  the  University  of  Halle*§  Since  that  time  scarcely 
any  further  additions  have  been  made,  and  the  subject  has  been  almost 
entirely  neglected.  It  is  not  easy  to  undei'stand  the  reason  of  this  ; 
for  it  is  generally  acknowledged  that  what  has  been  already  done  by 
the  above-named  authors  is  extremely  valuable  as  an  assistance  to- 
wards a  knowledge  of  the  correct  classification  of  birds,  and  yet  they 
have  left  much  for  other  workers  in  the  same  field.  The  opportunities 
a^orded  me  by  this  Society,  as  their  Prosector,  and  by  many  kind 
friendSi  who  have  supplied  me  with  specimens,  in  spirit,  of  genera  and 
species  otherwise  unobtainable,  have  enabled  me  to  collect  together  a 
sufficient  number  of  facts,  previously  unrecorded,  to  make  mo  feel  justi- 
fied in  presenting  to  this  Society  a  fresh  list,  in  which  is  recorded  the 
arrangement  of  the  carotids  of  the  various  birds  examined  by  myself, 
at  the  same  time  that  the  previotisly  known  results  of  Bauer,  Meckel, 


)457. 


•  "  Proceedings  of  the  Zoological  Soeiety/*   1873,  pp.  457-72.     E«ad,  Muj  6, 
73. 

t  Disquja.  circa  nonnullanim  ATium  aystema  art^^riosum  (Berol.  1825). 
X  **  Beitrag  lur  Oest-liiditt*  the  Gefttst*'8y&t.  dor  VOgel,'*  Meckers  Arcbiv,  1826. 
§  Ohwrrationcfl  de  Avium  arteria  carotidD  conimiLni  (Ilalic,  1829J. 
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and  Nitzsch,  and  a  few  others,  are  incorporated  in  the  general  state- 
ments. 

In  birds,  the  aorta,  immediately  after  it  has  sprang  from  the  heart, 
divides,  as  stated  by  Meckel,  and  contrary  to  the  opinion  of  Gnvier, 
into  two  branches,  the  left  innominate  and  the  oontinnation  of  the 
main  trunk.  This  latter  again  almost  immediately  divides  into  the 
right  innominate  and  the  descending  aortic  arch.  Each  innominate, 
after  sending  off  pectoral  and  subclavian  branches,  continues  to  ascend 
Page  468.  a  short  way ;  and  when  near  the  superior  aperture  of  the  thorax  it 
divides  into  the  carotid,  vertebral,  and  thyroid  branches,  except  in 
those  in  which  the  carotid  of  one  side  is  deficient.  In  what  may  be 
called  the  typical  arrangement,  the  carotids,  equal  in  size  or  nearly 
so,  run  up  the  front  of  the  neck  from  the  inner  side  of  each  thyroid 


Fig.  1.^ 


Fig.  2. 


Fig.  1.  Carotids  at  the  base  of  the  neck  in  aves  hicarotidina  normaltM. 
Fig.  2.  Carotids  at  the  base  of  the  neck  in  aves  UBvo-caroiidimt. 

gland,  converging  until  they  meet  in  the  middle  line,  at  which  spot 
they  enter  the  median  intermuscular  septum,  and  continue  up  to  the 
head,  on  the  front  of  the  bodies  of  the  remaining  cervical  vertebrro,  in 
the  hypapophysial  canal,  covered  by  the  lateral  cervical  muscular 
masses,  and,  where  they  are  present,  threading  the  bony  arches. 
Birds  with  this  arrangement  are  said  to  have  two  carotids,  and  may 
be  termed  aves  hicarotidin^c  norvialcs  (see  Fig.  1). 


*  In  these  diagrams,  which  represent  the  main  arteries  at  the  root  of  the  neck, 
the  following  is  the  explanation  of  the  abbreviations : — A,  origin  of  the  aorta  at  the 
heart ;  a,  arch  of  the  aorta ;  /.«,  left  innominate  artery ;  r.i,  right  innominate 
artery ;  /.«,  left  subclavian,  and  r.*,  right  subclavian  artery ;  I.e.  left  carotid,  and 
r.c,  right  carotid  artery. 


THE  CAROTID  ARTERIES  OF  BIRDS. 


163 


A  second  group  is  peculiar  in  having  the  right  carotid  branch  of 
the  innominate  undeveloped,  when  the  left  only  traverses  the  hjpapo- 
phjsial  canal,  being  of  large  size;  it  bifurcates  shortly  before  it 
reaches  the  head,  thus  producing  a  vessel  on  each  side,  to  be  dis- 
tributed in  the  same  way  as  the  terminations  of  the  carotids  in  the 
previous  group.  Such  birds  are  said  to  have  a  left  carotid,  and  may 
be  termed  aves  Icevo-carotidince  (see  Fig.  2). 

In  a  third  arrangement,  found  only  in  certain  Parrots  (see  Fig.  3), 
the  right  carotid  artery  runs  in  the  hypapophysial  canal,  and  the  left 
at  the  side  of  the  neck  superficially  along  with  the  corresponding 
pneumogastric  nerve  and  jugular  vein.     Birds  with  this  arrangement  Page  469. 
may  be  termed  aves  bicarotidincB  abnormales  (see  Fig.  3). 


Fig.  3. 


Fig.  4. 


Fig.  8.  Carotids  at  the  base  of  the  neck  in  aves  hicarotidimB  abnormales. 
Fig.  4.  Carotids  at  the  base  of  the  neck  in  aves  conjuncto-carotidina. 

Fourthly,  the  two  carotids,  running  apparently  as  usual,  directly 
they  meet,  join  and  continue  as  a  single  trunk  till  near  the  head, 
where  the  single  vessel  bifurcates,  as  in  birds  with  a  left  carotid  only. 
These  may  be  termed  aves  conjunctO'Carotidinoi.  In  the  common 
Bittern,  where  this  condition  obtains,  the  arteries  (Fig.  4)  are  equal 
in  size  or  very  nearly  so ;  but  in  the  Flamingo  (Fig.  5)  the  left  is  ex- 
tremely small,  and  has  been  on  this  account  overlooked  by  previous 
observers,  Meckel,  Nitzsch,  and  Owen  stating  that  there  is  only  a  Page  4G0. 
right  carotid  in  Phoenicopterus.  I  have  had  the  opportunity  of  examin- 
ing two  specimens  of  Phosnicopterus  antiquorum  and  two  of  P.  ruber ; 
and  in  all  of  them  both  carotids  were  present  in  the  lower  part  of  the 
neck,  the  right  being  much  the  larger  and  being  joined  by  the  left  to 
form  one  trunk  at  the  point  in  the  neck  where  they  first  meet,  as  in 
Botawnu  stellaris.     Both  vessels  carried  blood ;  but  the  calibre  of  the 

M  2 
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left  was  extremely  small,  and  that  of  the  right  was  nearly  the  same  as 
it  would  have  been  if  it  alone  had  been  present. 


Fig.  5. 


h  ^ 

Fig.  5.  Carotids  at  tho  base  of  the  neck  in  the  genus  Phcnieopierut,  as  found 
by  myself  in  all  specimens. 

Fig.  6.  Carotids  at  the  base  of  the  neck  in  Cacatua  iulphurea,  according  to 
Meckel. 

From  the  list  at  the  end  of  this  paper  it  is  shown  that  of  300  genera 
in  which  the  arrangement  of  the  carotids  has  been  observed,  in  193  of 
them  both  are  present,  in  107  the  left  only ;  in  one  only  are  both  eqnal 
when  they  join  in  the  neck  ;  in  another  they  join,  the  left  being  the 
smaller ;  and  in  one  other  the  right  is  the  smaller  nnder  similar  con- 
ditions ;  whilst  perhaps  one  possesses  the  right  only.  So  it  may  be 
generally  stated  that  in  birds  either  both  carotids  are  present  sepa- 
rate, or  the  left  only  exists.  Several  attempts  have  been  made  by 
different  authors  to  account  for  these  peculiarities.  According  to 
Bauer,  the  simplicity  of  the  carotids  (in  other  words,  the  presence  of 
the  left  instead  of  two)  is  dependent  on  the  size  of  the  individual,  the 
smaller  species  having  the  single  trunk.  Undoubtedly  the  great 
majority  conform  to  this  rule ;  but  there  are  too  many  exceptions,  as 
shown  by  Meckel,  to  make  the  generalization  of  much  value,  Rheay 
Podi'cepSy  Cacatua,  Talegalla,  and  Menura  possessing  only  the  left. 
Meckel  originally  thought  that  a  correlation  existed  between  the 
length  of  the  neck  and  the  simplicity  of  the  carotids ;  but  when  he 
found  two  carotids  in  Struthio,  Dromaus,  Cygnus,  and  Ardea  he 
acknowledged  that  such  was  not  the  case.  Prof.  Owen  remarks*, 
"  Birds  as  a  rule  are  peculiar  in  sleeping  with  their  long  necks  much 
bent  or  twisted ;  and  this  position  might  be  expected  to  exercise  some 
effect  on  the  vessels  subject  thereto.     Accordingly  we  find  that  the 


"Anatomy  of  Vcrtebrata,"  vol.  ii.  p.  190. 
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carotids  are  frequently  of  nneqaal  size ;  in  the  Dabchick  *  the  left  is 
the  largest;  in  an  Emn  I  fonnd  it  the  smallest."  I  may  here  remark 
that  on  several  occasions  I  have  watched  the  Flamingos  sleeping ;  and 
they  do  so,  some  with  the  neck  bent  one  way  and  some  the  other,  in  a 
manner  qnite  independent  of  the  constant  peculiarity  in  the  arteries  of 
their  necks. 

All  these  explanations,  therefore,  fail  to  show  why  birds  should 
have  two  or  only  one  carotid  artery ;  and  it  is  the  last  of  them  only 
that  takes  into  consideration  which  carotid  would  be  absent  when 
there  is  any  deficiency.  K  it  were  proved  that  all  birds  with  a  left 
carotid  slept  with  their  necks  bent  in  one  direction,  the  only  explana- 
tion would  be,  that  they  did  so  because  the  arrangement  of  their 
cervical  vessels  would  not  allow  of  their  doing  otherwise,  and  con- 
sequently an  argument  in  a  circle  would  be  the  only  result.  The  ulti- 
mate cause  is  most  probably  as  yet  some  way  beyond  onr  grasp ;  but  I 
would  offer  the  following  as  a  step  towards  it.  In  birds  possessing  Page  461. 
two  carotids  those  vessels,  after  they  have  once  met,  run  close  to- 
getlier  in  the  hypapophysial  canal,  but  do  not  blend  or  anastomose  in 
any  way. 

In  Botavrtu  stellaris,  Cacatua  sulphurea  (according  to  Meckel,  as 
shown  in  the  diagram,  Fig.  6  [p.  164]),  and  the  genns  Phcentcopterus, 
the  carotids  join  to  become  one  vessel  at  the  spot  where,  in  others, 
they  come  into  contact,  each  proximal  portion  persisting.  What  I 
desire  to  show  is,  that  on  simple  mechanical  principles  it  is  much  more 
likely,  when  the  two  vessels  do  so  blend,  that  the  right  should  disap- 
pear, leaving  the  left  solely  to  maintain  the  cerebral  and  cervical  cir- 
culation ;  in  other  words,  the  assumption  that  there  is  a  blending  of 
the  left  with  the  right  carotid  in  early  life  is  suflBcient  to  explain  the 
absence  of  the  right  in  birds  thus  affected.  The  diagram,  Fig.  4, 
[p.  163]  (which  shows  the  distribution  of  the  arteries  at  the  base  of  the 
neck  as  they  would  appear  immediately  after  the  fusion  of  the  caro- 
tids), will  help  to  explain  my  meaning.  The  blood-current,  almost 
immediately  it  has  passed  the  aortic  valve,  divides  into  two,  one  going 
along  the  left  innominate,  and  the  other  following  the  course  of  the 
aorta  until  it  very  shortly  further  divides  into  that  traversing  the  right 
innominate,  and  that  which  continues  on  to  the  abdomen  and  posterior 
extremities.  Such  being  the  case,  and  the  two  carotids  being  of  equal 
calibre,  it  is  evident  that,  jnst  as  in  Wheatstone*s  Bridge  the  electric 
current  is  less  intense  in  the  bridge  itself  than  in  the  branches,  the 
current  in  the  right  carotid,  which,  in  the  case  under  consideration, 
connects  the  left  carotid  with  the  aorta  distad  of  the  point  at  which 

•  In  the  Grebes  (Podiceps)^  according  to  my  observations,  the  right  carotid  is 
not  found  to  be  present  at  all. — A.  H.  G-. 
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the  left  innominate  springs,  is  less  than  in  the  vessels  it  connects ; 
consequently  the  current  there  tends  to  stagnate ;  but  a  tendency  to 
stagnate  in  blood  is  a  tendency  to  coagulation,  as  is  seen  in  the 
proximal  end  of  a  ligatured  arterial  trunk;  and  the  tendency  to 
coagulation  is  a  tendency  to  obliteration  of  the  vessel  in  which  the 
coagulation  occurs ;  consequently  the  right  carotid  must  tend  to  dis- 
appear, which  it  does  in  nearly  every  case.  Since  this  explanation 
occurred  to  me,  I  have  not  had  the  opportunity  of  examining  any  of 
the  birds  in  which  the  right  artery  persists  after  it  has  fused  with  the 
left,  to  see  if  there  is  any  peculiarity  in  their  vascular  arrangement 
which  will  account  for  its  persistence.  When  the  carotids  do  not 
blend  there  is  evidently  no  reason  why  either  should  disappear ;  and 
when  they  do  join,  the  presence  of  a  large  pectoral  and  subclavian 
branch  from  each  innominate  does  not  alter  the  problem;  it  only 
indicates  that  the  obliteration  must  occur  distad  of  it,  as  is  the  case. 

The  following  list  includes  all  those  species  of  birds  in  which  I 
have  had  the  opportunity  of  observing  the  disposition  of  the  carotid 
arteries.  They  are  arranged  nearly  according  to  the  classification 
adopted  in  Mr.  Sclater's  revised  List  of  the  Yertebrated  Animals  in 
the  Gtkrdens  of  this  Society. 

Page  462.  PASSEBES. 

All  the  Passeres  examined  possess  the  left  carotid  only. 

Species  examined. 

OSCINES. 

a.  Oscines  dentirostres. 
Turdus  menda.  Anthiis  pratensis. 


grayi.  Partis  major. 


Sylvia  hippolais.  Sitta  europcea. 

Luscinia  vera.  Lanius  collurio. 

Eritliacus  ruhecula.  Sigmodus  caniceps. 

Pratincola  ruhetra.  Struthidea  cifwrea. 

Ruticilla  phoenicnra.  Oriolus,  sp. 

Myiadestes  obscurus.  ArtamuSj  sp. 

Sialia  wilsonii.  OraucalxM  macei. 

Troglodytes  parvuhts.  Dicrurus  leucops. 

Mniotilta  varia.  Muscicapa  griseola. 

Cinclus  aquaticus.  Ptilogonys  cinereus. 

Motacillajlavu.  Ampelis  garrulus. 

h.  Oscines  latirostres. 

lliruiuio  rustica.  Chelidon  urbiax. 
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Neckvriniay  sp. 
ZoBierops  cUboguhms. 
DuxBum^  sp. 
Anihomis  melanura. 


c.  Oscines  tenairostres. 

Prosthemadera  novcB-zealcmdim. 
TroptdorhynchuSf  sp, 
Digloewb  harittda. 
Ccereba  cyanea, 

d,  Oscines  conirostres. 


TafMgra  cana, 
Euphonia  violctcea. 
Ctssopis  leveriana, 
Estrelda  md/poda. 
QuuHea  occidentalis. 
Euplectes  ca/pensis, 
Ploceus  ma/nyar. 
Hyphaniomis  ca^taneo-fuscua, 
Padda  aryzivora. 
Muwia  maja. 
PoephUa  eincta. 


Bonacicola  castaneothorax, 
Cyanospiza  ciris, 
Cardinalis  mrginia/nvs. 
Coccothrastes  vulgaris, 
Hedymelea  hidoviciana, 
Pyrrhula  vtUgaris, 
Cory  thus  enucleator. 
Linarta  cannahina, 
Emberiza^  sp. 
Alavda  arvensis. 
Melanocoryjpha  calendra. 


Icterus  dbeiUm, 
Molothrus  honariensis. 
Casstcus  persicus. 
AgelceuB  ludovicicmus. 
Stumus  vulgaris, 
Oracvia  religiosa, 
Cyanoeorax  cyarwpogon. 
Cissa  spedosa. 


Pitta,  sp. 
Bupicola  crocea, 
Lipaugus  cineraceus. 
Tyrawnus  sairapa. 


Oscines  cnltrirostres. 

Ptilonorhynchus  holosericeus. 
Heteralocha  gouldi. 
Corvus  corax. 

frugilegus, 

austrdlis. 

Oarrulus  glandarius. 
Strepera  graculina, 

Tracheophon^. 

Pita/ngus  svlphuraius, 
Hylactes  megapodius, 
Meiiura  superha. 


Page  463. 


MACROCHIRES. 

TKOCniLID-fi. 

The  left  carotid  only  is  present  in 
Paiagona  gigas.  Chlarolampis  osberti. 

Ctpselidj;. 
The  left  carotid  only  is  present  in  the  following  species  ; — 
Cypselus  apus.  Cypsehts  alpinus. 


Page  464. 
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Ohcetwra  vaum,  Chcetwa  caudacuta. 
spinicauda,                                Dendrochdidon  caranata. 

But  both  carotids  were  found  to  be  present  in  a  specimen  of 
Oypsdoides  ftimigatvs, 

Gapbimulgida. 
Both  carotids  are  present  in  these  birds. 

Species  examined, 
Gaprimvlgus  europceus.  OThordeUes  texentis. 

Steatobkithida. 

Both  carotids  are  present  in 
Steatamis  caripensis. 

PICI. 

PiCID-fi. 

The  left  carotid  only  is  present  in  the  Woodpeckers. 
Species  examined. 
Pictis  major,  CMcronerpes  yucatanensis, 

minor.  Melanerpes  formicivorus. 

Picoides  tridactylus,  Mulleripicus  fulvus, 

Tiga  javensis,  Gednus  viridis, 

Leuconerpes  candidus,  Yunx  torquilla, 

COCCYGES. 

CORACIIDJE. 

Both  carotids  are  found  in  these  birds. 

Species  e^ramtned, 
Coracias  garruhi.  Eurystomtis,  sp. 

Troooxidje. 
The  left  carotid  only  is  present  in  these  birds. 

;S/>  tcies  exn  m  in  erf. 
2Vof;oM  mexicanus.  Trchjcm  pueUii. 

Mekopipj:. 
The  left  carotid  only  is  present  in  these  birds. 
^j>tW«"*  cJtamined, 
Jlcn^}^  apuister.  Meni^'S  ornaius. 

M0M0Tir.€. 

Both  oarotivU  aro  present  in  these  birds. 


THE  CAROTID  ARTERIES  OF  BIRDS.  169 

Oalbulida. 
Both  carotids  are  present  in  these  birds. 

Species  examined, 
Qalbula  dihirostris,  Urogalha  paradisea, 

Al€edinidj:. 
Both  carotids  are  present  in  these  birds. 

Species  examined. 
Alcedo  ispida,  Ceryle  a/mazona. 

Halcyon^  sp.  rruiaima. 

Dacelo  gigantea.  Cittura  cyanoHs, 
cervina. 

BUCEB0TID£. 

Both  carotids  are  present  in  these  birds.* 

Species  examined, 
Buceros  rhinoceros,  Buceros  coronatus. 

plicatiM,  '  atraius, 

hicomis, 

UPUPlDiE. 

The  left  carotid  only  is  present  in 
Upupa  epops, 

MUSOPHAQIDJE. 

Both  carotids  are  present  in  these  birds. 

Species  examined, 
Musophiga  violacea,  Gorythaix  dLhocristata, 

Schizorhis  africana, 

CUCULID^.  Page  465. 

Both  carotids  are  present  in  these  birds. 

Species  examined. 
Oiiculus  canorvs,  CetUropus  sencgalensis, 

Oacomantis  sepvlcraXis,  Ouira  piririgua, 

ChrysococcyXf  sp.  Phoenicophaes^  sp. 

Ramphastidj:. 
The  left  carotid  only  is  developed  in  these  birds. 

Species  examined. 
Bamphastos  cuvieri,  Ramphastos  carinatus, 
ariel, 

*  P.S.,  Sept.  4. — In  a  specimen  of  Toccus  melanoUuetu  just  dissected  I  find  the 
left  carotid  only  present. 


Page  464. 


168  THE  CAROTID  ARTERIES  OP  BIRDS. 

Ohcetwra  vauxi,  Chcetura  cavdacuta, 
spinicauda.                                 Dendrochelidon  coranata. 

But  both  carotids  were  found  to  be  present  in  a  specimen  of 
Oypsdoides  fumtgattis. 

Capbimuloida. 

Both  carotids  are  present  in  these  birds. 

Bpedes  examined, 
0a/prtmtdgu8  europcetu,  Chordeiles  texensis. 

STEATORNITHIDiE. 

Both  carotids  are  present  in 
Steatomis  caripensis, 

PICI. 

Picidj:. 
The  left  carotid  only  is  present  in  the  Woodpeckers. 
Species  ea^mined. 
Picus  major,  Chloronerpes  yucaianensis. 

minor,  Melanerpea  formidvorus. 

Picoidea  iridactylua,  MuUeripicua  fulvus, 

Tiga  javensis.  Gecinus  viridis. 

Leuconerpes  candidiu,  Ywnx  torquilla, 

COCCYGES. 

CORACIIDJE. 

Both  carotids  are  found  in  these  birds. 

Species  examined, 
Coracias  garrula.  EurystomuSy  sp. 

Trogonidje. 
The  left  carotid  only  is  present  in  these  birds. 

Species  examined. 
Trogon  mexicanm.  Trogon  puella, 

Meeoptpj:. 
The  left  carotid  only  is  present  in  these  birds. 

Species  examined, 
Merops  apiaster,  Mercrps  orfmiui, 

MOMOTIDB. 

Both  carotids  are  present  in  the-m  birds. 

Species  examined. 
Momotus  lessoni,  EuuiUi 
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Gapitokida. 
The  left  carotid  only  is  present  in  these  birds. 
Species  examined. 
MegdUema  asiattca.  Indicator  major. 


BarhahUa  duchaUhii. 


PSITTACI. 


The  Parrots  are  peculiar  for  the  variation  that  occurs  in  their  caro- 
tids, which  show  fonr  different  arrangements :  first,  there  may  be  two 
in  the  normal  position ;  secondly,  the  right  may,  as  it  usually  does, 
traverse  the  hypapophysial  canal,  whilst  the  left,  in  a  manner  quite 
exceptional,  runs  superficially  along  the  side  of  the  neck  in  company 
with  the  left  pneumogastric  nerve  and  the  left  jugular  vein ;  thirdly, 
the  right  may  be  very  small,  and  blend  with  the  much  larger  normally 
situated  left  (in  Cacatua  sulpharea^  according  to  Meckel) ;  and  fourthly, 
the  left  may  alone  be  developed,  as  in  the  Passeres.  The  first  of  these 
four  conditions  is  only  found  in  Old- World  Parrots;  and  the  last  two 
are  restricted  to  the  Gacatuin». 

Species  examined. 

In  the  following  species  the  first  plan  prevails,  the  two  carotids 
running  normally : — 

Stringops  habroptUus.  PrioniiurWy  sp*« 

CalopsUta  nov(B'lu)llandicB.  Eos  cardinalis. 

Eolophus  {Oacatua)  roseicapillus.      hidica. 

Euphema  pulchella.  Triclioglossus  ooncinnus. 

splendida.  LorictiluSf  sp. 

hourkii.  Aprosmictvs  scapulattis, 

Melopsittacus  undulatus.  Palceomis  alexandri. 
Agapomis  roseicollis. 

The  following  species  belong  to  the  second  division,  the  right 
carotid  running  normally,  whilst  the  left  runs  up  the  side  of  the  neck, 
together  with  the  left  pneumogastric  nerve  and  jugular  vein : — 

Ara  inacao.  Nestor  iiotabilis. 

Conuras  cruentatus,  hypopolius. 

ra"c  4<>0.         auiniliol(Eimis.  Brotogerys  tiriacxila. 

jendaya.  virescens. 

petzi.  tut. 

holochlorus,  Pionus  menstruus. 

Cdica  melanocephala.  Chrysotis  f estiva. 

Psittacus  erithacHS.  ochrocnphala. 
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Ohrysotis  levaiUantii,  •  Flatycercus  eximitu. 

Fsephotus  hcematogaster,  paUidiceps, 

Oyanarhamphus  auriceps.  Pstttacula  passerina. 
novce  zeala/ndicB.  Lathamiu  discolor. 

In  the  following  species,   forming   the   fourth   section,   the   left 
cftrotid  only  is  developed : — 

Cacaiua  galerita.  Cacatua  cristata. 

I  have  not  yet  had  an  opportunity  of  examining  the  third  con- 
dition, i.e.  that  said  to  occnr  in  Cacatua  sulphurea. 

ACCIPITRES. 
Both  carotids  are  present  in  all  these  birds. 

Species  examined, 
Cathabtidje.  Archibuteo  la^opus, 

Caihartes  airatus.  Helotarsus  ecavdaius, 

Qyparchus  papa.  HaUaetus  albicilla. 

vocifer. 

VxJLTURiD^.  Aquila  ncevicfides. 

Neophron  percnopteriis.  audax. 

Gyps  fuhus.  Spilomis  cheela. 

TlirasaettLS  harpyia, 
Serpentariidj:.  Falco  peregrtnus. 

Serpeniarius  reptilivorus.  melanogenys. 

Hypotriorchis  suhhuieo. 
Falconid^.  Tinnwncultis  alaudarius. 

Polyborus  hrasiliefms.  Melierax  monogrammicus. 

Milvtu  ictinus.  Astur  palurnbarivs. 

BtUeo  vulgaris.  Circus  cineraceus. 

Stbigid^. 
Both  carotids  are  present  in  these  birds. 

Species  examined. 

Strix  flammea.  Bubo  poensis. 

Otus  vulgaris.  fasciolatus. 

Symium  aluco.  Ketupa  javanensis. 

nebulosum.  Scops  zorca. 

Bubo  maximus.  Atliene  noctua. 

virgxnianus.  passerina. 

bengalensis.  brama. 

capensis.  Flwleoptynx  cunicularia. 
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Qlaueidiunij  sp.  Sumia  funerea. 

PuUatnx  torquata. 

Page  467.  STEGANOPODES. 

Both  carotids  are  present  in  these  birds. 

Species  examdned. 

Fregaia  ciquila,  Phalacrocorax  carlo, 

Sula  bassana.  Phaethon^  sp. 

HERODIONES. 

Abdeidjb. 

Both  carotids  are  present  in  the  following  species  : — 

Ardea  dnerea,  Ardea  egretta. 

goliath,  garxetta, 

purpwrea.  candidtssima. 

aJha,  Nycticorax  europceus. 

But  the  two  carotids  join  at  the  lower  part  of  the  neck  directly 

the  J  meet  in 

Botaurus  atellaris, 

GlCONIIDiB. 

Both  carotids  are  present  in  these  birds. 

Species  examined. 

Cicotiia  nigra.  Leptoptilus  cramenlferiis. 

alha. 

Plataleidj:. 

Both  carotids  arc  present  in  these  birds. 
Species  examined. 
Ibis  rubra.  Ibis  nippon. 

melanocephala.  Platalea  leucorodia. 

strictipennis. 

PUOSNICOI^TKRIUJ:. 

The  right  carotid  is  much  larger  than  the  loft,  which  joins  it  low  down 

in  the  nock. 

PfuBfiicopterus  aniujuorum,  Piuenicoptenis  ruber. 

ANSERES. 
Both  carotids  are  present  in  all  these  birds. 

Species  examined. 
Anser  segeium.  Bernicla  canadensis. 
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CMoephagOy  sp. 
Cygnus  nigricoUis, 

}mccinaior, 

coscoroha. 

Dendrocygna  atUumnalis. 

viduata, 

fulva. 

Tadoma  rutUa. 


Aix  galerictdaia, 
Mareca  petielope. 
DaJUa  spinicauda. 
Querquedula  crecca. 
Metopiana  peposaca. 
Fuligula  cristata. 
Mergus  castor. 
alhelltu. 


GOLUUBM. 
Both  carotids  are  present  in  all  these  birds. 


Species  examined. 


Carpophaoidj:. 
CarpopJiaga  glohieera. 


cenea. 

Lcpholcemua  antarcticiis. 
Ptikpus  melanoc^halus. 

maricB. 

Treron  calva. 

COLUMBIDiE. 

Columba  cenas. 

livia, 

leucocephaJa, 

picazuro, 

maculosa. 


Oeopelia  striata. 

placida. 

cuneata. 


Oeopelia  humerdlis. 
Turtur  senegalensis. 

aMabra/nus. 

Metriopelia  melanoptera, 
Chamcepelia  tdlpacoH. 
Leptoptila  jamaicensis. 
GJudcopelia  chalcospilos. 

puella. 

Tympanistria  hicolor. 
Ocyphaps  lophotes. 
Chalcophaps  chrysocJdora. 
Fhaps  chalcoptera, 
Fhlogoenas  cruentata. 
Caloenas  nicoharica. 
Diduncvlus  strigirostris, 
Ooura  coronata, 
victorim. 


GALLING. 


Page  468. 


Both  carotids  are  present  in  all  this  Order,  except  in  the  Tnmicidaa 
and  Megapodido),  in  which  the  left  onlj  is  developed. 

Species  examined. 
With  both  carotids. 
PxEROCLiDiE.  Tetrao  urogallus. 

Pterodes  alchata. 

arenarius.  Phasianidji. 

Francolinus  vulgaris. 

Tetraonidje.  afer. 

Tetrao  tetrax.  ponticerianus. 
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FrancoUnus  gularU. 

clajppertoni, 

Arhoricola  torqueola. 
Perdix  cinerea, 
Ootumix  communis. 
Bollidus  coronatus. 
Odontophonu  dentatus. 
Ortyx  virginianus, 
EwpsycKortyx  cnstatus. 
Oaccdbis  chuhar. 
Pluuia/nus  colchictM. 

versicolor. 

reevesii, 

Tha/um^dea  picta, 

amhersHcB* 

Eiiplocamfius  erythrophthdlmtLs. 
vieHIoti. 


Euplocamus  pyronotus. 

horsfieldii. 

cUhO'Cristatus. 

Oallus  banJciva, 
Ceriomis  temminchit, 
Pavo  nigrtpennis. 

muticiis. 

Argus  giganteus. 
MeUagris  gallopavo. 
Numida  meleagris. 

Gracida. 

Grax  glohicera. 
^^  incommoda. 
Penelope  cristata. 

Ortalis  cdhiventris. 


With  the  left  carotid  only  present. 

TUBNIGIDA. 

Hemipodius  tachydromus. 
Meoapodida. 


Talegalla  lathami. 


Megacephalon  maleo. 


ALECTORIDES. 


Both  carotids  are  present  in  all  this  order. 
Species  examiiied. 


Otidj:. 
Iloubara  macqueeni. 
(Edicnemus  grallarius. 
hisi/riatus, 

CABUMIDiE. 

Cariama  cristata. 
Chunga  hurmeisteri. 

Geuidj:. 
Orus  antigoiie. 

EURTPTGIDJE. 

Ehinochetus  jubatus. 


Rallidj:. 
Rallus  aquiiticus. 
Ar amides  cayeniiensis. 
Porzana  amsricana. 

carolinensis. 

Crex  pratensis, 
Ocydromus  sylvestris. 
Porphyrio  madagascaricnsis. 

melanotus. 

Galliiiula  chloropus. 

Parridje. 
Parr  a  africana. 
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GRALLiE. 
Both  carotids  are  present  in  these  birds. 

Species  examined. 

Chaeadbiid^.  Totanus  calidris, 

VaneUus  eristatus.  solitarius. 

Charadrius  pltwialis,  Owmhettaflavipes. 

hioiticula.  Machetes  pugnax. 

Hcemaiopus  niger.  Scolopax  rusHcula. 

StrepsHas  interpres.  OaUmago  scolopadna. 

gallinula. 

SOOLOPACID^.  Tringa  canutus. 

Nwnenius  argwUus.  cindus, 

phcBcptis,  Olare^la,  sp. 

Limosa  lapponica. 

GAYIM, 
Both  carotids  are  present  in  all  these  birds. 

Species  examined. 

Laridj:. 

LestrU  awtarcticus.  Lams  glauciis. 

Larus  argentatus.  Sterna  hirundo. 

Procellariidj:.  Page  470. 

Both  carotids  are  present  in  all  these  birds. 


Species 

examined. 

ThaJassidroma  pelagica 
huhoeri. 

^sirelata  lessoni. 
Prion  vUatta. 

PYGOPODES. 

Both  carotids  are 

present 

in  the  following  species : — 

COLTMBIDiE. 

Colymhus  glacialis. 

Alcidje. 
Alca  tarda. 
Uria  troile. 

The  left  carotid  onlj  is  present  in  the  following  species : — 

COLTMBIDiE.  AlCID-S. 

Fodiceps  cristatus.  Arctica  dlle. 


minor. 
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DfPENNES. 
Both  carotids  are. present  in  these  birds. 

Species  examined. 

Sphenisous  demersus.  Aptenodytes  penfumtii, 
Kumholdtii, 

CRYPTURL 
Both  carotids  are  present  in  these  birds. 

Species  examined. 
Bhynchotus  rufescens.  CrypUvrus  saUcei. 

STRUTHIONES. 

Both  carotids  are  present  in 

Struihio  camelus. 

•       The  left  carotid  alone  is  present  in 
lELliea  americama. 

Both  carotids  are  present  in 

Gastuxrius  hennettii.  Drommus  novce-hollandice. 
hicarunc^ilatus. 

The  left  carotid  only  is  present*  in 
Apteryx  mantelli.  Apteryx  owenii. 

Page  471.  In  reviewing  the  above  facts,  for  the  purpose  of  forming  an  esti- 
mate as  to  the  significance  in  classification  of  the  arrangement  of  the 
carotid  arteries  in  birds,  the  following  conclusions  may  be  drawn,  if 
the  Psittaci  be  omitted  from  consideration,  which,  from  the  great 
peculiarities  they  present  among  themselves,  it  will  be  better  to  do  at 
present : — 

1st.  In  many  cases  the  uniformity  of  the  carotids  is  of  ordinal  im- 
portance,  all  Passeres  possessing  the  left  carotid  only,  whilst  both  are 
present  in  all  ColumbeB,  Anseres,  GrallsB,  and  Accipitres. 

2nd.  As  B,  family  character,  the  distribution  of  the  carotids  is  very 
suggestive,  in  some  cases  presenting  a  well-marked  difference  between 


•  In  his  "Anatomy  of  Vertebrates"  (▼ol.  ii.  p.  199),  Prof.  Owen  remarks: — 
"  In  the  Apteryx  I  found  that  the  left  carotid  alone  passed  to  the  usual  place  in 
the  neck,  and  divided  at  the  third  cerTicnl  vertebra,  to  supply  the  head  in  the  usual 
way."  But  in  the  original  memoir  on  the  bird  ("  Transactions  of  the  Zoological 
Society,"  vol.  ii.  p.  273)  the  same  author  has  stated  that  both  are  present,  which  is 
not  the  case  in  the  specimens  examined  by  mc. 
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families  otherwise  closely  allied.  For  example,  the  Megapodidse, 
together  with  the  Cracidae,  as  Professor  Huxley  has  so  clearly  shown,* 
from  a  well-established  suborder  of  the  GallinsB,  and  osteologically 
it  is  not  easy  to  separate  them  ;  but  in  the  CracidsB  both  carotids  are 
present,  whilst  in  the  Megapodidce  the  left  only  is  found.  The 
PhoenicopteridBB  also  present  a  condition  peculiar  to  themselves. 

In  the  somewhat  ill-defined  group,  the  Coccyges,  the  carotids  give 
rise  to  family  characters  of  value.  The  Bucerotidee  and  RamphastidsB 
difiEer  in  the  latter  possessing  only  a  left  carotid,  whilst  the  former 
have  both  present ;  and  the  affinities  of  the  Upupidee  may  be  considered 
nearer  to  the  Ramphastidse,  on  account  of  their  agreeing  with  them  in 
this  point. 

The  ApterygideB,  as  well  as  the  Tumicidse  and  Podicipidaa,  are 
also  well  distinguished  from  their  allies  by  their  single  carotids. 

3rd.  That  StnUhio  and  Hhea  must  be  more  than  generically  distant 
from  one  another  is  indicated  by  many  characters  ;  and  the  difference 
in  their  carotids  favours  their  being  placed  in  separate  subfamilies ; 
no  such  difference  tends  to  di\dde  up  the  Casuariidee  in  a  similar 
manner. 

4th.  Respecting  genera^  there  are  none  in  which  the  peculiarities 
of  the  carotids  are  not  constant  in  them ;  but  there  are  some  which 
are  separated  from  others  by  a  difference  in  the  arrangement  of  these 
vessels.  Cyjpseloid^s  fwnigatus,  a  Swift,  apparently  not  at  all  peculiar 
otherwise,  undoubtedly  possessed,  in  the  only  specimen  I  have  had 
the  opportunity  of  dissecting,  two  carotids.  That  this  was  an  indi- 
vidual peculiarity  is  extremely  improbable,  as  no  similar  case  has  been 
recorded  in  any  other  genus  ;  consequently  this  genus  (or  species  as 
it  may  be)  differs  from  all  its  allies,  which  only  possess  the  left  carotid. 
A  similar  case,  resting  on  similar  evidence  (a  single  specimen)  is 
that  of  Arctica  alle,  which  differs  from  Alca  and  Uria,  with  which 
its  affinities  are  very  close,  in  having  the  left  carotid  only,  instead  of 
both.  Botaurusy  amongst  the  Ardeidee.  has  also  an  arrangement  pecu- 
liar to  itself. 

As  previously  remarked,  the  Psittaci  present  greater  differences 
among  themselves  respecting  the  disposition  of  the  arteries  of  their 
necks  than  all  the  other  orders  of  birds  taken  together,  one  con- 
dition being  peculiar  to  them,  and  the  other  conditions  being  all 
represented  amongst  them.  Without  entering  into  further  details 
regarding  these  birds  it  is  impossible  to  make  any  generalizations  of  page  472. 
importance ;  and  I  will  leave  the  subject  for  a  special  paper  on  the 
order. 

It  is  not  until  the  different  conditions  of  the  carotid  vessels  are 


•  •*  Proceedings  of  the  Zoological  Society,"  1868,  p.  298. 
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takon  in  connestioa  \ritli  the  pfcerjlosjis,  as  well  as  the  anatomj  of  tbo 
viscera  and  muacleSj  tliat  a  correct  idea  can  be  formed  as  to  their  true 
valae  in  the  classification  of  birda.  The  work  of  the  illustrious 
Nitzscb  assists  mncb  in  tliis  dirertiou  ;  and  it  is  to  be  boped  that ; 
factfl  become  more  numerous,  ornithologists  will  realize  that  a  eorrec 
arrangement  will  not  be  arrived  at  until  anatomy  is  more  thorougblj 
Btndied. 

In  concluaion,  I  have  to  present  my  best  thanks  t*o  Mr.  Sckkter 
for  the  kind  way  in  which  he  has  on  all  occasions  thronghoat  this 
inquiry  assisted  me  with  suggestions  and  advice — also  to  Professor 
Flower,  Mr.  O.  Salvin,  Mr.  Sharpe,  and  Mr.  Howard  Saunders,  for 
their  so  willingly  putting  at  my  disposal  specimens  in  spirit  of 
species  wMch  I  should  not  otherwise  have  had  the  opportunity  of 
examining. 


I'p^m        31-  ON   SOME  POINTS   IN   THE   ANATOMY  OF 

STEATORNIS,* 

Thkouoh  the  kindness  o!  Prof  Flower,  I  have  had  the  opportnnity  of 
examining  two  specimens  of  Sfeatarnis  ftaripeiisU  preserved  in  spirit, 
as  well  as  the  skeleton  of  another ;  and  Mr.  Sclater  has  also  kindly 
given  me  a  skin  to  assist  in  the  study  of  the  pterylosiftt  ^nd  a  nestling, 
which  I  have  dissected. 
Page  627*  Many  points  in  the  osteology  of  this  bird,  as  well  as  the  descriptioa 
of  the  larynx^  are  to  be  fonnd  in  a  paper  by  Johannes  MuUerf ; 
farther  details  are  given  in  the  works  of  L'HerminierJ,  Sclaterj,  and 
Mnrie||*  The  following  notes  relate  almost  entirely  to  the  ptcrylosis 
and  the  anatomy  of  the  soft  parts,  the  skull  l)eing  only  descnbed  flOJ 
far  as  to  make  it  comparable  with  those  in  Prof,  Huxley's  paper 
the  claamBcation  of  Birds^. 

Pterylosis  (fig,  1,  p.  180), — All  the  top  of  the  bead  is  ooTered  with 
a  scattered  feathering,  which  is  very  much  the  strongest  between  the 
eyes.     There  is  no  tendency  to  the  formation  of  longitudinal  bands  : 


**  Proceedinga  of  the  Zoologioal  Society,'*  1873,  pp,  626*33.     Resd,  June  j 

**  MiiUer'a  Arch,  f.  Anat,"  1S42,  p.  1^11,  and  elsewhere. 

"  NouT,  Arch,  dii  Mu«.'*  torn,  iii.  1834,  p.  321,  and  eleewbere, 

"  Proceodinp  of  the  Zoologiml  SotnetY/'  1866,  p,  12a 

*'  Ibk,"  8fd  ier,  toI.  iii.  No.  9,  p.  81, 

•*  FfOO00dia|p  of  the  Zoological  Society/'  1367. 
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this  region,  like  those  in  the  Caprimulgid®.  Above  each  eje  there 
are  two  rows  of  closelj  set  very  stiff  feathers,  running  parallel  to  one 
another  and  to  the  bortler  of  the  upper  eyehd^  forming  a  double  eye- 
brow. The  upper  of  these  is  slightly  the  stronger ;  it  i&  situated  ^  of 
an  inch  above  the  lower  one,  with  a  bare  space  intervening.  The  stiff 
feathers  of  which  it  is  composed  are  slightly  more  than  |  of  an  inch 
long  and  are  directed  outwards*  The  lower  eyebrow  is  ^  of  an  inch 
above  the  margin  of  the  lid,  which  has  no  eyelashes  and  is  bare :  it  does 
not  extend  qnite  so  far  forward  or  backward  as  the  one  above  it;  and 
its  component  featliers  arc  not  quite  bo  long".  The  external  auditory 
orifice  is  nearly  circular  and  ^  of  an  inch  in  diameter;  there  is  no 
operculnra.  It  is  snrrounded  by  a  single  row  of  feathers,  much  like 
those  of  the  eyebrows ;  they  are  all  directed  backwanls,  the  anterior 
being  slightly  the  longer  and  acting  as  a  protection  to  tlie  entrance  of 
the  ear.  Several  (about  a  dossen  on  each  side)  stiff  simple  vibrissse, 
many  more  than  1^  inch  long,  spring  from  the  side  of  the  upper 
beak,  and  run  directly  forwards,  partially  covering  the  apertures  of 
the  nostrils. 

The  dorsal  tract,  where  it  coramonces,  is  narrowed  on  account  of 
there  being  a  bare  space  above  each  ear;  but  when  it  reaches  the 
upper  part  of  the  neck  it  broadens,  and  continues  down  the  back  of 
the  neck  as  a  not  strong  tracts  which  becomes  narrower  and  stronger 
as  it  descends,  till  at  a  short  distance  above  the  tops  of  the  shoulder* 
blades  it  is  very  strong  indeed.  It  continues  on  in  this  condition, 
and  bifurcates  between  the  scapulfie  to  form  a  well- developed  fork, 
with  long  branches,  which  become  considerably  weakened  near  their 
eitrem^ities.  Between  the  lower  ends  of  this  fork  the  continuation  of 
the  dorsal  tract  commences,  not  connected  with  it  at  all,  but  quite  free, 
as  an  npward-turned  weak  airow-head,  situated  in  the  middle  line. 
The  axis  or  shaft  of  this  arrow-headed  tract,  as  it  descends,  becomes 
narrower  and  stronger  till  it  ceases  abruptly  at  tbo  base  of  the  long 
infundibuliform  nude  oil-gland,  which  closely  resembles  that  of  the 
Owls.  In  the  upper  part  of  the  loins,  above  the  arrow*hcad,  ot  a 
short  distance  on  either  side  of,  and  parallel  with,  the  mid- dorsal 
tract,  is  a  single  row  formed  by  four  strong  feathers,  which  are  dis- 
tinctly separated  from  the  rest.  All  over  the  loins,  behind  the  pago  529. 
acetabnla,  there  is  a  weak  feathering  which  blends  with  the  lumbar 
tracts.  These  last  are  consequently  not  very  distinctly  defined,  and 
consist  mainly  of  weakly  feathered  tracts,  mnning  from  the  knee 
obliqnoly  downwards  and  backwards,  leaving  the  tibise  almost  bare, 
with  the  exception  of  a  few  semi  plumes  which  ai'e  scattered  below  the 
front  of  the  knee. 

Between  the  rami  of  the  jaws  tht5  largo  triangular  surface  is  naked 
at  the  sides  and  weakly  feathered  along  the  middle  line  up  to  tlie 
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symphysis  (as  in  the  Owls),  where  there  arc  a  few  vibrissa*,  directed 
forwards.  From  this  submaxillary  feathered  portion  the  inferior  neck- 
tract  springs ;  and  behind  the  angle  of  the  jaw  a  weak  branch  ia  sent 
np,  on  each  side,  to  join  the  dorsal  tract  and  head-covering  behind  the 
ears.     A  little  lower  down   the  inferior  tract  becomes  more  detined, 
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iLongli  not  strong;  it  continues  simple  as  it  descends^  being  of  the 
same  breadth  as  the  latcrftl  neck -spaces.  Just  above  the  upper  or 
scapular  extremities  of  the  furcula  it  ceases  in  the  middle  linei 
leaving  a  bare  interclavicular  space ;  but  it  develops  a  branch  on 
either  side,  which  expands  over  the  chest  to  form  the  pectoral  tracts. 
The  pectoral  tract  of  each  side  is  double,  the  inner  of  its  divisions 
being  tlie  contiiination  of  the  main  tract,  which  descends,  narrow  and 
strong,  close  to  the  carina  sterni  in  its  npper  part,  but  further  sepa* 
rat^d  below,  lea^nng  over  the  epigastric  region  of  the  abdomen  a  con- 
siderable mediftn  apace,  which  lower  down  is  again  reduced  by  their 
convergence  to  the  aous,  just  in  front  of  which  they  terminate. 

Each  outer  pectomS  branch  of  the  inferior  tract  is  weak  and  very 
difftiaed,  covering  the  sides  of  the  body,  leaving  a  narrow  space 
between  it  and  the  main  stem,  except  at  the  points  just  in  front  of  the 
scapalar  ends  of  the  furcula,  from  which  they  spring,  and  below  the 
inferior  margin  of  the  sternum,  w^here  thoy  again  blend,  and  continue 
down  side  by  side,  after  their  contact,  nearly  to  the  anus,  the  outer 
branch  being  the  weaker  and  leas  defined. 

There  is  a  weak  hypopteral  tract  continued  from  the  outer  margiii 
of  the  external  pectoral  branch.  The  under  wing-surface  is  feathered 
along  the  forearm  in  several  rows.  The  margin  of  the  patagium  is 
thickly  set  with  short  strong  plumes,  The  humeral  tract  is  strong 
and  separated  by  a  narrow  space  from  the  well-covered  upper  wing- 
gurface. 

There  is  no  aftershaft  to  the  feathers. 

There  are  ten  primary  reraiges,  and  twelve  secondary,  of  which 
the  ten  distal  I'csemble  each  other,  and  the  two  at  the  elbow  are 
reduced  in  size.  The  upper  wing-coverts  do  not  extend  more  than 
or  quite  so  much  as  halfway  down  the  secondary  remiges.  There 
arc  ten  rectrices. 

The  above  described  ptcrylosis  clearly  indicates  that  in  the  arrange- 
ment of  its  feathers  Sttahrnii  more  closely  resembles  the  Strigidaa 
than  the  Caprimulgidte,  though  it  diffei^s  considerably  from  both.  It 
resembles  the  Strigida^  and  diiTers  from  the  Capri mulgidaa  in  having 
no  aftershaft  to  the  contour  leathers,  in  not  having  the  occipital  tract 
divniied  up  into  narrow  longitudinal  rows,  in  having  spaces  on  each 
side  of  the  submaxillaiy  tnict,  in  having  the  pectoral  portion  of  the  Page  5S0. 
inferior  tract  in  two  parts,  of  which  the  inner  approaches  the  carina 
sterni  above  and  separates  from  it  as  it  descends,  in  having  the  npper 
wing-Bui'face  uniformly  feathered^  and  in  having  a  large  infundibuli- 
form  oil-gland*  In  none  of  the  Caprimulgidie  does  the  inferior  tract 
continue  simple  dow^n  the  neck,  whilst  in  Sfthjlammea  as  in  Steatorriu 
it  does  not  b'Lfurcate  till  in  the  region  of  the  furcula.  But  SteaforuiM 
resembles  the  Caprimulgidte  and  ditlera  from  the  Strigidie  in  having 
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ten  rectricea.  It  differs  from  both,  however^  in  that  the  inferior  por- 
tioD  of  the  dorsal  trtict  does  not  unite  at  all  witb  the  ecapnlar  fork  of 
the  superior  portion,  in  having  the  outer  branch  of  the  pectoral  tract 
diffused  and  descending  far  over  the  abdomen,  and  in  the  general 
tendency  to  scattering  of  the  feathers. 

In  the  skull  the  lachrymal  bones  are  not  developed  a«  they  are  in 
the  Strigidfls  and  Capri ranlgida^.  The  pakte  is  strongly  desmogna- 
thous,  as  in  the  Falconida?,  and  much  more  so  than  in  the  Strigidro, 
which  are  almost  schizognatboua.     The  palatine  bonea  also  meet  across 


Fig.  2. 


iikuli  of  SteatomU.     <»,  ba«e  j  h,  superior  BUrface. 


the  middle  line  for  ^  of  an  incb»  in  a  manner  which  is  quiie  peculiar, 
and  can  be  best  understood  by  a  reference  to  the  drawing,  each  bone 
being  apparently  folded  on  iteolf  behind  the  point  of  junction  with  iU 
fellow,  and  articulating  with  the  baaisphenoid  rostrum,  as  well  as 
anchylosing  with  the  vomer  by  ite  inflected  and  upward-turned  margin ; 
each  develops  a  very  short  slender  anteriorly  directed  procefls  close  to 
the  vomer,  which  projects  forwards  on  each  side  of  it  near  its  middle. 
I^nps  531.  The  vomer  itself  is  a  quarter  of  an  inch  long,  slender  and  quite  blended 
with  the  palatines ;  it^s  anterior  pointed  extremity  advances  as  far  for* 
wards  as  the  posterior  boi-der  of  the  median  palatine  symphysis  men- 
tioned above.  The  post^^rior  external  angles  of  the  palatines,  so  large 
in  CaprimuJ^uM  and  Porlargus^  are  not  developed.  The  basi pterygoid 
facets  are  large.  In  the  eye  the  sclerotic  ossifications  are  not  eonaider- 
Me,  as  in  the  Owb,  being  not  at  all  unusnaliy  develuped. 
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In  the  atlas  the  cup  for  articulation  with  the  occipital  coDdyle  is 
incomplete  belli ntl ;  and  the  odontoid  pi*oeesa  of  the  axis  is  situated 
near  its  poBtcrior  margin.  In  tliiB  conformation^  the  classificational 
importance  of  whieh  was  first  pointed  out  by  Mr.  Parker,  tSfeato^mts 
agrees  with  the  Strigidie  and  the  Capri niulgi die,  but  not  with  the 
Cypeelidce,  in  the  one  or  two  eaaes  w^bich  I  have  had  the  opportnniij 
of  observing. 

The  wtdl- known  peculiarities  of  the  stern  am  do  not  seem  to  point 
definitely  in  any  special  direction ;  and  in  the  other  bones  I  have  not 
observed  any  demonstrable  tendencies. 

Digestive  onjanj^. — The  tongue  ia  thin,  emooth,  and  triangular  ;  it  ia 
J  inch  broad  at  its  base,  and  |  of  an  inch  long ;  the  posterior  angles 
are  prolonged  backwards  for  ^  of  an  inch  as  angular  processes  with 
ermall  papilla  on  them  ;  the  posterior  border  is  simple.  The  cesopha^us 
is  capacious  and  uniformly  cylindrical,  with  longitudinal  plications  in 
its  mucous  membrane.  The  proveatncidus  ia  zonary  and  well  dove- 
loped,  the  largest  of  its  component  glands,  which  are  slightly  racemose, 
being  |  of  an  inch  long.  The  stomach  forms  a  thin- walled,  globose, 
capacious  gizzardj  with  its  mucous  membrane,  as  usually,  longitudi- 
nally plicated.  The  intestines  are  22  inches  long,  capacious  through- 
out, and  especially  so  near  the  pyloric  portion ;  the  biliary  and 
pancreatic  ducts  open  into  it  2^  inches  from  the  pylorus,  at  the  bend 
of  the  duodenal  loop.  The  two  intestinal  Cfvca  are  1^  and  1|  inch 
long,  slender,  and  a  little  broader  at  the  ciecal  than  at  the  open  ends ; 
they  are  situated  2  inches  from  the  cloaca. 

The  trachea  is  a  little  more  capacious  above  tlian  below.  As  in 
many  birds,  the  separate  rings  of  which  it  is  composed  are  not  so  deep 
in  the  middle  Ene  as  they  are  laterally  j  and  as  in  each  ring  the  upper 
and  lower  margins  of  one  side  in  one  ring,  and  of  the  other  side  of  the 
next  above  and  below,  ai-e  slightly  everted,  whilst  those  of  the  other 
half  are  inverted  to  the  same  extent,  when  the  rings  are  supenmposed 
they  produce  the  appearance  seen  in  the  accompanying  drawing,  as  if 
each  ring  were  narrow  on  one  aide  and  broad  on  the  other.  The 
syrinx  (fig.  3,  p.  1B4),  as  has  been  described  by  others,  is  extremely 
peculiar,  because  it  is  formed  in  each  bi-onehial  tube,  instead  of  at  the 
bifurcation  of  the  trachia.  The  trachea  bifurcates  at  its  lower  end 
much  in  the  same  way  that  it  does  in  Mammalia ;  and  each  bronchus 
c-ontinues  down  towards  the  lungs  as  a  cylindiical  or  slightly  flat- 
tened tuljc,  composed  of  simple  and  entire  riugs  of  cartilage.  In  a 
specimen  that  I  once  saw,  there  were  fourteen  of  these  rings  on  each 
Bide;  but  in  the  one  before  me,  wliich  is  figured  here,  the  bronchi  are 
not  equal  in  length,  the  left  bronchus  containing  thirteen  and  the  p^^g  532^ 
right  ten  complete  rings  above  the  commencement  of  the  syrinx. 
Each  seniisyrinx,  as  it  mnj  be  termed,  is  formed  on  the  same  principle 
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as  that  of  the  combined  organ  io  most  of  the  non-singing  birds. 
Taking  for  description  that  of  the  left  side  in  the  specimen  6gured^  it 
is  thei^  found  that  the  thirteenth  bronchial  ring  is  complete,  though 


Fig.  3. 


Front  view  uf  the  »? rinx  of  SteaforiUf, 


considerably  flfittened  from  side  to  side ;  the  fonrteenth  is  not  com- 
plete in  the  middle  of  it*<i  inner  surface,  it  is  a  little  longer  from  before 
backwarilB  than  the  one  above,  and  not  so  long  as  the  one  following  it. 
The  fifteenth  is  only  a  half  ring,  its  inner  portion  being  de6cient ;  it  is 
slightly  convex  upwards,  and  articulates,  both  at  its  anterior  and  pos- 
terior ends,  with  the  fourteenth  incomplete  ring  and  the  sixteenth  half 
ring.  The  sixteenth  half  ring  is  concave  upwards,  and  so  forms  an 
oval  figure  in  combination  with  the  one  above,  which  is  filled  with  a 
thin  membrane,  to  form  part  of  the  onter  wall  of  the  bronchu«,J 
There  is  a  membrane  also  between  the  ends  of  these  and  the  succeed-1 
ing  half  rings,  which  completes  the  tube  of  the  bronchus  internally. 
The  half  rings  which  follow  the  sixteenth  red  nee  in  size,  and  are  cou- 
sideinbly  smaller  before  they  reach  the  lung.  The  lateral  muscle  of 
the  trachea  extends  down  the  outer  side  of  each  bronchus,  to  l>o 
Ptafo  &33.  attached  to  the  middle  of  the  first  fully  developed  half  ring*  The 
dopreaaor  mascles  of  the  trachea  are  independent  of  these. 
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^mtomia  has  two  carotid  arteries,  as  have  both  the  Strigidro  and 
Capnmolgidap. 

With  regard  to  the  myology  of  this  bird,  the  only  muscles  which 
will  be  considered  are  those  which  have  been  fouud  to  have  Bonie 
bearing  on  the  systematic  position  of  birds  generally. 

In  the  thigh,  the  anibimis  (Sundevall)— the  slender  muscle  which 
in  many  birds  runs  from  the  innominate  houe^  just  above  the  aceta- 
bnlamf  along  the  inner  side  of  the  thigh  to  the  knee,  whicli  it  crosses 
obliquely  in  the  fibrous  capsule  below  the  patella,  and  then  blends 
with  the  flexor  perforafcus  digitorum— i8  absent,  as  it  is  in  the  Strigidse 
and  Capri mulgidaj. 

The  seimtenduiosiiit,  the  outer  of  the  two  muscles  which  fonn  the 
lower  fold  of  the  thigh  (the  semimemhranosus  being  the  inner),  and 
which  runs  from  the  region  of  the  lower  end  of  the  innominate  bone 
to  the  tibia,  is  present,  as  in  the  Capri mulgida?,  it  being  quite  absent 
in  all  the  Strigida).    As  in  the  Caprimulgida}  ako,  this  muscle  I'eeeives 

A  Fig.  4.  B 


Muitcled  ftt  the  outer  bide  of  the  elbow  j  a,  of  right  w m^  ui  Caprimulgut  europtgrnt ; 
B,  of  left  whig  of  Slffitornis. 

tphf  tensor   patagii  brevifl  j    eet^  eitcnsor  carpi  radicdi^  j    Aj  biceps  j    of,  deltoid  ; 
f,  tricops  J  A,  humeriiB* 

$m  accessory  head  from  the  lower  end  of  the  femur,  which  helps  to 
Eld  a  partial  insertion  of  the  muscle  down  the  leg* 

The  femoro-candul  (which  runs  as  a  narrow  muscular  ribbon  from 
the  middle  of  the  linea  aspera  of  the  femur  to  the  coccyx,  covered  by 
the  semiteudiuOBUS  and  crossed  superficially  by  the  sciatic  artery  and 
nerve)  is  quite  abwent  j  it  is  well  developed  in  the  Caprim  algid m,  small 
IB  the  Strigidffi,  and  absent  in  very  few  birds. 

In  the  upper  limb  the  sectmd  pectoral  (^enhdaimn  of  Bolleston)  is 
not  large,  extending  about  halfway  down   the  sternum,  as  it  does  in  Pago  534. 
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the  StrigidtB,  whilst  in  the  Caprimulgidaa  it  ia  more  developed,  reacli- 
iDg  the  lower  margin  of  that  bone. 

The  tensor  paiagii  hrevt'M — a  muscle  very  constant  in  ifca  insertion  in 
the  different  families  of  birds,  which  arises  mainly  from  the  snperior 
extremity  of  the  fiupcula  on  each  side*  and  is  inserted,  after  rnnning  in 
the  patagial  foM  parallel  to  the  hnmemfl,  into  the  outside  of  the  fore- 
arm near  the  elbow— in  Steatorfm  agrees  entirely  with  that  of  many 
of  the  Strigidffi,  and  difiere  slightly  from  that  of  the  Capri mnlgidie,  as 
may  be  seen  frooi  the  accompanying  drawings  (fig.  4,  p.  185),  where, 
in  the  former^  the  main  tendon  becomes  attached  to  the  extensor  carpi 
radialis  longns  dLrectlyi  whOst  in  the  latter  it  joins  a  second  more 
superficial  teudinons  slip  which  mns  back  to  the  ontside  of  the  elbow, 
mtich  as  in  the  Paaseres. 

By  placing  the  above-mentioned  facta  in  a  tabular  form,  the  com- 
parison between  Steatonm  and  its  allies  will  bo  more  clearly  seen* 


2 

Absent 

Present,  villi  no 

oesBory  head . . 

Absetit  ..,.*... 

Short 


2 

Absent 

Absent 

Present  (small) 
Short ,, 


Caprimmlgid^ 


I 


Number  of  carotids. ..,.,. 

Ambiens  muflde 

SumitendiDoeus  muscle . . . . 

Femoro^caudiil  muscle  . . .  * 
Pectondifi  secundum  musfLe. 


Absent. 

Pretent,  with  ac- 
cessory head« 
Preeeut. 
Long, 


The  semitendinoaus  is  a  muscle  very  constantly  present  in  birda, 
being  absent  only  in  the  Owls,  Eagles,  true  Vultures,  Hununing- birds, 
and  Swifts  ;  consequently  its  presence  in  SieatornU  is  in  favour  of  it« 
being  related  to  the  Caprimulgidee  rather  than  to  the  StrigidiB. 

In  endeavouring,  from  the  facta  recorded  above,  to  form  a  correct 
notion  as  to  the  exact  systematic  position  of  Steatonm^  the  difficult ie« 
in  the  way  are  considerable.  That  it  forms  a  family  by  itself  there  is 
little  or  no  doubt,  as  it  presents  pterylographic^U  and  internal  pecu- 
liarities found  in  no  other  birds.  By  a  prooess  of  exclusion,  an 
approximate  idea  of  its  position  may  be  formed.  The  Strigidtu, 
Caprimulgidne,  Coraciidw,  Momotido?,  Galbulida?,  and  Steatornithid© 
all  agree  in  poeaessing  the  following  characters — two  carotids,  well. 
developed  cieca,  a  nude  oil-gland,  and  no  ambiens  muscle.  Among 
these,  the  Strigidm  difler  from  all  the  rest  and  rt^semble  the  Eagles,  in 
having  no  semitendinosnii ;  and  the  SteatomithidtD  are  eqtially  pecn 
liar  in  having  no  fomoro-caudal  muscle.  In  its  pterylosis,  as  shown 
above,  Steatortiis  resembles  the  Strigid®  much  more  than  any  of  the 
allied  families,  except  that  there  are  only  ten  rcctrices.  I  have  not 
dissected  Podarfjus ;  but  it  agrees  so  closely  with  Captimul<^  in  ita 
pterj'losis,  according  to  Nitzsch,  that  it  most  probably  must  bo  Indaded 


ON  CERTAIN  MUSCLES  OF  BIRDS.  187 

in  the  same  family.  As  Mr.  Sclater  has  shown,  Podargus  has  no  oil- 
gland,  that  organ  being  very  small  in  the  CaprimnlgidsB  generally,  bnt 
large  in  Steaiornis. 

If  the  absence  of  the  ambiens  muscle  in  the  StrigidsB  has  the  sig- 
nificance which  I  put  on  it,  and  is  sufficient  justification,  in  conjunc-  Page  535. 
tion  with  other  differences,  for  the  entire  separation  of  this  femily 
from  the  other  Accipitres,  then  the  above  mentioned  group  of  families 
seems  a  natural  one  ;*  but  if  the  Strigidee  are  intimately  related  to 
the  FalconidaB  and  Yulturidae,  it  is  so  difficult  to  believe  that  the 
CoraoiidsB  and  their  allies  are  related  to  the  FalconidsB,  that  the 
entire  separation  of  the  Strigidee  from  the  CaprimulgidsB  seems 
essential,  in  which  case  the  position  of  StecUomis  becomes  more* 
doubtful. 


32.  ON  CERTAIN  MUSCLES  OF  THE  THIGH  OF  BIRDS,  Page  626. 
AND    ON    THEIR    VALUE    IN    CLASSIFICATION. 
(PI.  V.) 

Paet  I.t 

In  their  works  on  the  general  anatomy  of  the  animal  kingdom  Meckel 
and  Cuvier  have  devoted  special  chapters  to  the  myology  of  birds. 
The  dissections  on  which  their  observations  were  based  were  evidently 
undertaken  more  with  the  desire  to  determine  the  relations  borne  by 
the  muscles  of  birds  to  those  of  Mammalia  and  Reptiles,  than  with 
the  object  of  studying  the  variations  in  the  arrangement  of  the  muscles 
in  the  class  itself.  Nitzsch,  Reid,  Owen,  Milne-Edwards,  Coues, 
Selenka,  and  others  have  published  thoir  dissections  of  certain  birds, 
as  the  Vulture,  Penguin,  Apteryx,  Eagle,  and  Loon ;  and  most  of  these 
are,  from  their  accuracy  and  clearness,  valuable  additions  to  zoological 
knowledge.  Sundevall  seems  to  bo  the  only  ornithologist  who  has 
employed  the  variations  that  he  has  observed  to  be  constant  in 
difierent  birds  towards  the  furtherance  of  classification;  and  my 
results,  on  the  points  discussed  by  him,  in  most  cases  correspond 
with  his. 

The  great  opportunities  afforded  me  by  this  Society  for  the  study 
of  a  great  many  species  of  birds  in  the  flesh,  have  reduced  the  diffi- 

*  Prof.  Newton  has  for  some  time  bclicred  the  SteatomithidfiD  and  CaprimulgicUi 
to  be  distinct  families  (cf.  Zool.  Rec.  Ti.  p.  67). 

t  Part  I.  **  Proceedings  of  the  Zoological  Society,"  1873,  pp.  62&-4i.  "Read, 
June  17,  1873. 


188 


ox   CERTAIN   MITSCLES  OF   BIRDS. 


culties  connected  with  tlie  dissection  of  any  special  soft  part  to  a 
niinimnm;  and  in  the  present  conimunicaiiun  tlie  results  are  recorded 
of  my  dissection  of  the  region  of  the  thigli  of  the  birds  which  have 
passed  through  mj  hands.  In  this  region  there  are  six  nmscles,  or 
well-defined  portions  of  muscles,  which  may  or  may  not  be  present; 
and  mj  cliicf  object  lias  been  to  not©  their  presence  or  absence, 
which  in  some  cases  is  far  from  easy,  as  moditications  may  occnr 
which  disgnise  the  tme  connexions  of  a  muBcle,  and  thns  lead  to 
ndsinterpretation . 

As  a  common  Fowl  happens  to  possess  aJl  these  stx  muscles  well 

developed  and  easily  demoostrable,  I  will   commence  with   a   short 

Piige  627.  account  of  their  condition  and  relationa  in  it^  from  which  a  correct 

idea  may  be  easily  formed  of  their  situation  in  other  birds  with  the 

help  of  the  accompanying  details. 

In  commencing  the  dissection  of  the  leg  of  a  Fowl  in  order  most 
easily  to  observe  the  arrangement  of  the  muscles  about  to  be  described, 

Fig.  1. 


^l"A 


/ 


i>«  ti 


Outer  view  of  right  thigh  of  O alius  bamkiiya^  partiftUy  diaMcied. 
#,  lutoifiiis;  9  e,  wnatui  extcniua ;  ho  and  At,  hiccpip,   origin   and  insertion;    I/,  ^ 
tcDior  f nactiv  ;  /r,    ft*niom^miidai  $    a/e,  occe^urj  fomoro-i'nudftJ ;  »i^  seiiit- 
t«nnli«u*tJ(i ;    axt,  i*o<x^esory  a^nuiWndlOOfui ;    «n.   scmimcmbrntioeuf  ;    Ad^  md- 
duclor  i  Pf  piihis  j    R,  ri»ctri*.v», 
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^Oie  bodj,  fi'om  which  most  of  the  feathers  have  been  removed,  should 
be  laid  on  its  side,  and  a  section  iiia»le  in  the  skin,  in  a  line  parallel 
to  and  Just  over  the  femor,  along  ita  whole  length ;  from  the  ex- 
tremities of  this  line  the  sections  should  l>e  continued  at  right 
angles  to  it»  extending  upwards  and  downwards  from  the  end  over 
the  head  of  the  femur,  and  along  the  outer  side  of  the  leg  from 
that  at  the  kuee.  The  skin  must  be  then  dissected  downwards  as  a 
flap  off  the  muscular  adductor  inass  below^  and  some  way  upwards 
above  the  level  of  the  femur.  After  tins  has  been  done  the  following 
muscles  will  be  found  without  difficulty  : — 

Tensor  /o^citP.— This  is  the  superficial  muscle  of  the  outside  of  the  Page  62'' 
thigh,  covering  the  femur.  It  is  flat  and  triangular  in  shape,  and 
arises  as  a  membranous  expansion  which  covers  the  gluteus  ii,  from 
the  lower  two- thirds  of  the  posterior  boi'der  of  the  ihac  fossa  in  which 
that  muscle  is  situated^  and  from  the  fibrous  septum  which  separates 
that  muscle  from  the  gluteus  iii.  Further  down  it  has  origin  also 
from  the  whole  length  of  the  ridge  which  separates  the  postacetabular 
area  from  the  externnl  lateral  surface  of  the  ischiam,  and  which  may 
be  termed  the  postacetabular  ridge,  as  well  as  from  the  posterior 
border  of  the  ischium,  as  far  forwards  as  its  junction  with  the  pubis, 
being  here  slightly  overlapped  by  the  semi  ten  dinosus.  The  fibres 
converge  towards  the  knee;  and  the  deep  portion  of  the  musclti 
blends  in  its  course  with  the  vastns  cxtcrnns,  together  with  which  it 
continues  forward  to  become  part  of  the  broad  thin  tendon  which 
covers  the  knee  and  is  inserted  in  the  front  of  the  tibia-head^  the  patella 
being  sitnated  in  it,  together  with  the  long,  slender,  and  flat  tendon 
of  the  ajnhiens  muscle,  which  is  situated  below  it,  mnning  obhquely 
from  inside  and  above,  outwards  and  downwards.  In  many  birds,  as 
the  Falconida?  and  Psittaci,  this  mnscle  does  not  extend  below  the 
level  of  the  femur,  but  ends  inferiorly  bj  blending  with  the  vasfcns 
extemus;  and  consequently,  where  such  is  the  case,  it  evidently 
cannot,  as  it  does  otherwise,  cover  any  of  the  flexors  of  the  leg.  In 
the  Bucerotidie  it  is  entirely  absent.  Whether  this  postacetabular 
portion  of  the  tensor  fasciBB  is  present  or  absent  has  some  bearing 
on  classification,  as  in  the  diiferent  families  it  is  a  very  constant 
feature. 

Biceps  cruris, — The  anterior  portion  of  this  mnscle  may  be  seen  in 
the  FowPs  leg  before  the  tensor  fasciae  has  been  removed,  just  below 
it,  near  its  insertion.  This  muscle  is  mostly  covered  by  the  tensor 
fasciflB,  arising  from  the  upper  three- fourths  of  the  postacetabular 
ridge,  jnst  in  front  of  the  origin  of  that  muscle.  Its  fibres  converge 
to  form  a  ronnd  tendon,  which  in  the  outer  side  of  the  popliteal 
region  is  bent  sharply  downwards  by  passing  through  a  tendinous 
sling  which  arises  from  the  lower  end  of  the  femur,  to  be  inserted  on  a 
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prominence  ob  the  oatei'  side  of  the  Bhnhi,  about  half  w^aj  clown  the*  legi 
In  tlie  loop  above  tbis  tendon^  and  consequently  quit-e  out  of  tbe  waj 
of  compresaing  forces,  one  of  tbe  nerves  to  tbe  leg  and  foot  is  con- 
tinned*  In  one  or  two  birds,  as  Fhaethon^  tbe  biceps  does  not  pass 
tbrongb  any  loop^  bat  ia  ixLserted  directly  by  a  broad  Eat  tc*ndon  into 
tbe  uppor  part  of  the  fibula. 

SeniitmidinosnB. — This  flat  ribbon  muscle  runs  nearly  parallel  with 
the  lower  fibres  of  the  biceps,  just  below  it-  Its  origin  is  mostly 
from  the  tip  of  the  transverse  process  of  the  first  free  coccygeal 
vertebra,  and  frani  tba  fibrous  menibranG  between  it  and  the  inferior 
border  of  tbe  iliera.  Neap  its  origin  it,  being  auperficial,  curves  over 
the  posterior  inferior  angle  of  the  ilium,  and  covers  the  inferior  fibres 
of  origin  of  the  tensor  fascia?,  running  upwards  and  forwards  towards 
the  inner  side  of  the  bead  of  the  tibia,  and  so  getting  covered  an- 
teriorly by  the  inserted  end  of  tbe  biceps.  A  rhomboidal  sheet  of 
muscle,  arising  from  the  anterior  end  of  tbe  linca  aspera,  descends 
to  form  an  accessory  head  ti>  this  muscle,  joining  it  anteriorly,  on  its 
outer  side,  by  an  oblique  tendinous  raphe,  which  continues  down  tbo 
Pag©  629.  ^ck  of  the  leg  superficially.  A  smaU  part  of  the  main  muscle,  the 
inner,  goes  straight  forward  to  end  at  the  inner  side  of  tbe  upper 
extremity  of  tbe  tibia  by  a  flat  tendon ;  but  most  of  it  joins  the  aooes* 
soriaB  to  be  continued  down  tbe  leg.  8ome  birds^  as  the  Elagles  and 
Owls,  have  no  Bcmitendinosus  at  all ;  some,  aa  tbe  Anserine  birds  and 
Penguins,  have  no  accessory  semitendinosns,  in  which  case  all  tbe 
fibres  go  straight  to  the  tibia- bead ;  whilst  in  most  tbe  aboye- described 
condition  maintains. 

Semimemhrano&iis, — This  ribbon  muscle  runs  parallel  to,  deep  of» 
and  next  to  the  semitendinosns.  It  arises  from  the  outer  border  ( 
tbe  anterior  margin  of  the  ischium  for  about  a  third  of  an  inch, 
the  place  where  it  is  in  contact  with  tbe  pabis,  tbe  origin  extending 
down  to  the  lower  end  of  the  slight  prominence  at  tbe  point  where 
the  ischium  sligbtly  overlaps  the  pubis.  It  is  inserted  along  with  the 
tibial  end  of  the  Bemitendinosus  into  tbe  inner  aide  of  the  bead  of 
tibia  by  a  broad  flat  thin  tendon.  Tbis  muscle  is  very  constant  in 
birds:  in  tbe  Grebes  it  is  extremely  thin,  and  may  sometimes  bo 
abeent^  as  stated  by  Sundevall ;  but  I  have  seen  it  in  some  fresh 
Bpecimeng  of  Fodkeps  min&r^  though  but  very  slightly  developed. 

Amhiens, — This  peculiar,  small,  but  very  long  muscle  is  tria 
or  fusiform  in  shape.  It  arises  from  tbo  tip  of  the  short  anteriorly 
directed  spine  which  is  sitnated  just  above  tbo  anterior  border  of  1 
acetabulum,  and  runs  along  the  inner  side  of  the  thigh  to  tbe 
side  of  tbe  knee,  wliere  it  is  covered  by  tbe  sariorius,  which  is  abo%*a 
it  in  the  former  part  of  its  oonrse.  Its  thin  tendon  then  crosses  the 
knee,  running  in  the  Bubetance  of  tbe  fascial  extensor  tendon,  just 
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IB  front  of  the  patella  to  the  outer  side,  whore  it  joina  the  fibres  of 
origin  of  the  flexor  perfomtus  digitorum. 

FenwTO'Caudal. — This  long  ribbon  mascle  is  covered  superficially 
by  the  tensor  faaciaa  and  biceps  above,  as  weO  aa  by  the  semi  ten  di- 
nosna  lower  down.  The  sciatic  artery  and  nerve  cross  it  superficially 
at  right  angles  close  to  its  insertion  as  tliey  course  from  the  sciatic 
foramen,  parallel  to  the  femur,  to  the  popliteal  region.  The  femoral 
vein  separates  this  musole  from  the  adductor  muscles  at  their  inser- 
tions, except  in  Dacelo^  where  it  crosses  the  femoro-caudal  superficially.* 
It  arises  from  the  (anterior)  transverse  processes  of  the  two  last 
coccygeal  vertebrm,  and  is  in^serted  into  tho  lioea  Eispera  of  the  femur, 
at  about  one-third  its  length  from  tbe  trochanter. 

An  accessory  head,  arising  from  the  upper  three-fourths  of  the 
postaoetabular  ridge,  and  from  the  ridge  which  forms  the  lower 
margin  of  the  origin  of  tho  obturator  eiternua,  Joins  the  tendon  of 
insertioD  of  this  muscle,  and  is  also  partly  inserted  int<j  the  liuea 
aspera,  between  it  and  the  head  of  the  femur.  It  is  thin,  muscular, 
and  broad,  covering  the  obturator  extern  us  superficially,  and  is  par- 
tially intersected  by  a  fibrous  sheet  whore  it  crosses  its  anterior 
border*  The  sciatic  artery  and  nerve  cross  it  superficially;  and  the 
nerve  to  the  8emimembi*anofius  is  deep  of  it,  whilst  that  to  tho  semi- 
tendinosuB  is  superficial  in  some  casea ;  the  biceps  completely 
covers  it. 

Of  the  above-described  muscles,  five  of  them  (the  ambiens,  the 
femoro- caudal  J  the  accessory  femoro-caudaU  the  semiteudinosus,  and  1 
the  accessory  semitendinosus)  vary ;  any  one  or  more  than  one  may 
be  absent  in  difierent  birds;  and  in  my  dissections  mj  object  has 
always  been  to  record  the  conditions  existing  in  the  specimen  under 
examination.  The  constancy  of  the  pecnliarities  in  the  different  indi- 
viduals of  each  species,  in  the  species  of  each  genas,  and  very 
generally  in  the  genera  of  each  family,  makes  it  evident  to  any  one 
working  at  tho  subject,  that  much  respecting  tho  affinities  of  tho 
different  faraiiies  of  birds  is  to  be  learnt  from  the  study  of  their 
myology,  in  connexion  with  the  peculiarities  of  their  other  soil 
parts;  and  that  tbese  features  will,  in  the  long  run,  lead  to  a  more 
correct  classification  than  one  based  on  the  skeleton  alone,  becomes 
almost  equally  certain. 

The  variations  in  the  five  above-mentioned  muscles  form  the 
subject  of  this  communication,  and  the  subjoined  list  contains  the 
results  arriv^  at  by  myself.  A  few  of  the  facts  now  recorded  will  be 
found  mentioned  in  the  works  of  Meckel,  Sundevatl,  and  others.     Re- 
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•  In  Ceniropuf  phasianut  the  main  artery  of  the  leg  is  abo  the  fenioml,  untl  not 
llie  iciatic,  as  in  other  birds  ;  it  thtrelorc  rima  vrith  tho  femoral  rein  ia  that  bird. 
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ference  to  tbem  is  quite  nnnecessarj,  as  they  can  easily  be  foand  in 
the  works  of  those  authors. 

The  Passeres  possess  the  femoro-caadal,  the  semitendinosas,  and 
the  postace tabular  portion  of  the  tensor  fasciae ;  the  accessory  semi- 
tendinosus  is  present  in  all  except  Dicmrus  (which  has  only  ten 
rectrices)  ;  the  ambiens  and  the  accessory  femoro-caudal  are  absent.* 

The  Pici  possess  the  femoro-caudal,  the  semitendinosus,  and  tbe 
postacetabular  portion  of  the  tensor  fasciae ;  the  ambiens  and  the  ac- 
cessory femoro-caudal  are  absent ;  and  they  may  be  divided  into  two 
subfamilies,  according  to  whether  the  accessory  semitendinosus  is 
present  or  absent. 

The  accessory  semitendinosus  is  absent  in 

Picas  major,  Picoides  tridactylus. 
minor. 

The  accessory  semitendinosus  is  present  in 

Qednus  viridis.  Chloronerpes  yucatanenMs. 

Leuconerpes  candtdus,  Mulleripiciis  fuhuis. 

Melanerpes  formidvorus.  Hypoxanthus  rivolii, 

Tunx  torquiUa  agrees  in  all  these  points  with  Oecinus  viridis. 

The  SteaiomithidcB  possess  the  semitendinosus,  and  a  very  narrow 
accessory  semitendinosus.  The  ambiens,  the  femoro-caudal,  the  acces- 
sory femoro-caudal,  and  the  postacetabular  portion  of  the  tensor 
fascisB  are  absent. 

Species  examined. 

Steafornis  carlpensis. 

The  CaprimulgidcB  possess  the  femoro-candal,  the  semitendinosus, 
Page  631.  the  accessory  semitendinosus,  and  the  postacetabular  portion  of  tlio 
tensor   fascia) ;    the   ambiens   and   tljc   accessory   femoro-caudal    are 
absent. 

Species  examined. 

Caprimulgus  europrrns.  Chordeiles  texensis. 

The  Trogonidoi  possess  the  femoro-caudal  and  the  semitendinosus; 
the  ambiens,  the  accessory  femoro-caudal,  the  accessory  semitendino- 
sus, and  the  postacetabular  portion  of  tbe  tensor  fascia*  are  absent. 

Species  examined. 
Trogon  mejricanns.  Trogon  jnuJJa. 

*  In  mj  paper  on  the  carotid  arteries  of  birds  a  long  list  is  given  of  the  i*a8{*eres 
in  which  the  carotid  vessels  were  exaniined  ;  in  all  these  the  muscles  of  the  thigh 
were  dissected  also.  In  a  specimen  of  Pomatosiomus  fcmporniis  there  was  an  acces- 
sory femoro-caudal  on  the  right  side  ;  on  the  left  there  was  not  a  trace  of  it. 
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The  MeropidcB  possess  the  femoro-caudal,  the  semitendinosus,  and 
the  accessory  semitendinosus;  the  ambiens,  the  accessory  femoro- 
candal,  and  the  postacetabular  portion  of  the  tensor  fasciae  are  absent. 

Species  examined. 

Merops  apiaster,  Merops  ornatus. 

The  CypselicUe  and  tlie  Trochiltdre  agree  in  possessing  the  femoro- 
eandal,  at  the  same  time  that  the  ambiens,  the  accessory  femoro- 
candal,  the  semitendioosns,  the  accessory  semitendinosus,  and  the 
postacetabular  portion  of  the  tensor  fasciae  are  absent. 

Species  examined. 

CypseUMes  fvmigatus.  Chcetura  spinicauda. 

Oi/pselus  apu8,  Dendrochelid<m.  coronata. 

alpintis.  Chlorolampis  osherti. 

Chcetura  vaiixL  Patagona  gigas, 
caiidacuta. 

The  Coraciidce  possess  the  femoro-caudal,  the  semitendinosus,  the 
accessory  semitendinosus,  and  the  postacetabular  portion  of  the  tensor 
fascisB;  the  ambiens  and  the  accessory  femoro-caudal  are  absent. 

Species  examined. 

Goracias  garrula.  Eurystomtis,  sp. 

The  MomotidcB  possess  the  femoro-caudal,  the  semitendinosus,  and 
the  accessory  semitendinosus;  the  ambiens,  the  accessory  femoro- 
caudal,  and  the  postacetabular  portion  of  the  tensor  fasciae  are  absent. 

Species  examined. 

Momotus  lessonu  Eumomoia  superctliaris, 
cequatoricdis. 

The  Oalhulidm  possess  the  femoro-caudal  and  the  semitendinosus ; 
the  ambiens,  the  accessory  femoro-caudal,  and  the  postacetabular 
portion  of  the  tensor  fasciae  are  absent. 

In  Oalbula  clhirostris  the  accessory  semitendinosus  is  present;  but 
it  is  absent  in  Urogalba  paradisea. 

The  Alcedinidce  possess  the  femoro-caudal  and  the  semitendinosus ; 
the  ambiens,  the  accessory  femoro-caudal,  ihe  accessory  semitendino- 
sus, and  the  postacetabular  portion  of  the  tensor  faciae  are  absent. 

Species  examined.  Page  632. 

Alcedo  ispida,  Dacelo  cervina. 

Ceryle  amazona,  giganiea. 

Halcyon,  sp.  Cittura  cyanotis. 
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Species  examined. 

Musophaga  violacea.  Corythatx  albO'Cristata. 

Schizorhis  africana. 

The  Cuculidce  possess  the  ambiens,  the  femoro-candal,  the  semiton- 
dinosns  and  the  accessory  semitendinosns,  and  the  postacctabnlar  por- 
tion of  the  tensor  f ascisB ;  they  may  bo  divided  into  two  subfamilies, 
according  to  whether  the  accessory  femoro-candal  is  present  or  absent. 

The  accessory  femoro-candal  is  present  in 

Centropus  senegalensls,  Gidra  jnririgua, 
phastanus.                               Fho&iiicophdes,  sp. 

The  accessory  femoro-candal  is  absent  in 

Gtusulus  canorus.  Gacomantis  sepulcralt^. 

Chrysococcyx,  sp. 

The  Bamphnstidce  possess  the  femoro-candal,  the  semitendinosns, 
the  accessory  semitendinosns,  and  the  postacctabnlar  portion  of  the 
tensor  fasciao;  the  ambiens  and  the  accessory  femoro-candal  are 
absent. 

Species  examined. 

Bamphastos  carinattts,  Bamphastos  cuvieri, 
oriel. 

The  CapUonidce  possess  the  femoro-candal,  the  semitendinosns,  the 
accessory  semitendinosns,  and  the  postacetabnlar  portion  of  the  tensor 
fascisB ;  the  ambiens  and  the  accessory  femoro-candal  are  absent. 

Species  examined. 

MegaUema  asiatica.  Indicator  major, 

Barbatula  duchaillui. 

The  PsiMa/d  possess  the  femoro-candal  well  developed,  the  semi- 
tendinosns,  and  the  accessory  semitendinosns ;  the  accessoiy  femoro- 
candal  and  postacetabnlar  portion  of  the  tensor  fasciae  are  absent.  The 
ambiens  may  be  present  normally;  it  may  be  differentiated  in  the 
thigh,  bnt  fail  to  cross  the  knee,  being  lost  on  the  fascia  over  it,  or  it 
may  be  absent. 

The  ambiens  is  present  in  the  following  species  : — 

PsUtaciis  erUhaciis,  Ara  macao, 

Conurm  xantholanmis.  chloroptera, 

jetidaya.  Caica  melanocephala. 

petzi,  Nestor  notahilis, 

holochlorus.  hypopolius. 

The  ambiens  is  present,  bnt  does  not  cross  the  knee  in 
Sfringops  hahroptiltts, 

0  2 
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Page  634.        The  ambiens  is  absent  in : — 

Pyrrhwra  {Oonvrus)  cruentata.  OalopsUta  novce^hoUandtcB. 

Brotogerys  tiriacula,  Oacatua  galerita. 

virescenft.  cristata, 

tovi.  roseicapilla. 

tm,  Calyptorhynchtu  hanksii. 

Pionua  memtruvs.  Eos  cardinalis. 

Ohrysotia  feativa,  indica. 

—  ochrocephala,  Tanygnathus  muelleri, 

levaUlanUi.  PrtonUurus,  sp. 

Paephotua  hcematogaster.  Tnchoglossvs  condnnus. 

Platycerciu  eximiria,  Lcdhamua  discolor, 

paUiMceps,  AprosnUdus  scapidaius, 

Psittdcula  passerina,  Loriculus  asiattcus, 

Agapomis  roseicoUts,  ehrysonotus. 

MelopsiUacus  undtdcUus.  Cyanorhamphus  aurieeps, 

Euphema  splendtda,  novce-zealandue. 

ptdcheUa,  Pal(Fom%s  torquata, 

hourJdu 


AccipUres. — The  OatihwrHdm  possess  the  ambiens,  the  semitendino- 
sns,  the  aooessoiy  semitendinosns,  and  the  postacetabnlar  portion  of  the 
tensor  fascisB  ;  the  accessory  femoro-caudal  is  absent,  and  the  femoro- 
caadal  is  present,  thongh  small,  in 

Cathartes  atraiiis ; 
it  is  absent  in 

Oyparchus  papa. 

The  Serpentariidce  possess  the  ambiens,  the  accessory  femoro- 
candal,  the  semitendinosus  and  the  accessory  semitendinosas ;  the 
femoro-candal  and  the  postacetabnlar  portion  of  the  tensor  fasciaa  are 
absent. 

Species  examined. 
Serpentarius  reptiUvorus, 

The  Vulturidcp  and  Falcomdce  agree  in  possessing  the  ambiens  and 
the  femoro-caudal ;  the  accessory  femoro-caudal,  the  semitendinosus, 
the  accessory  semitendinosus,  and  the  postacetabnlar  portion  of  the 
tensor  fascisB  are  absent  in  all. 

Species  examined. 

Neophron  percnoptenis.  Milviis  icttmis. 

Oyps  fulviis,  Buteo  vulgaris. 

Vultur  auTxctdaris.  Arehtbuteo  lagoptis, 

Polyhortts  hrasiltensis.  Helotarsus  ecaudatus. 
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Bitho  capertsis. 

poensis. 

fusciolatus. 

Ketupa  javamca* 
Scops  sorca. 
Athene  noctua. 


A  ihett  e  passer  itui . 

brama, 

Pholeopiynas  eunicularta, 
Qlauoidtumi  ep. 
PuUatrix  torquata. 
SwnUot  fwnerea* 


The  Ste^aTwpodes  must  be  considered  in  separate  fiimilies.  I  have 
not  dissected  Fdecamts, 
Fixge  636.  Fregata  aquila  possesses  tlie  ambions  and  tlie  femoro-caadal,  tbe 
latter  being  very  slender ;  the  accessory  femoro-candal,  the  semiten- 
dinosus,  the  accessory  semitendinoaas,  and  the  postacetabiihir  portion 
of  the  tensor  fascise  are  absent, 

FhaethoH  possesses  the  femoro-candal  (small),  the  semitendinosna 
(strong),  and  the  accessoiy  semitcodinosns ;  the  ambieng,  the  accessory 
femoro-candal,  and  the  post  acetabular  portion  of  the  t-ensor  fascias  are 
absent.  In  this  bird  tbe  biceps  cruris  is  inserted  into  the  Bbula-Kead 
directly,  without  passing  through  a  loop. 

The  family  Fhalacmconmdce  possess  the   ambiens,*  the  femoro- 
candal,    and   the    semitendinosns ;    the   accessory  femoro- caudal,  tbe 
accessory  semiteudinosus,  and  the  postace tabular  portion  of  the  tensor 
Vikfze  687.  fascioa  are  absent.     There  is  a  peculiarity  about  the  obturator  extemus 
of  these  birds,  which  is  perplexing  at  first  sight.     In  Sula  this  muscle, 
instead  of,  as  usual,  being  inserted  into  the  outside  of  the  head  of  the 
femur,  has  its  attachment  further  forward,  to  the  outer  edge  of  the 
Imea  aspera,  or  the  bony  sorface  corresponding  to  it,  midway  betweeai 
the  head  of  the  bone  and  the  attachment  of  the  femoro-caiidal  moscle.f 
In  PhaJacrocoTox  it  is  situated  stiU  further  forward,  being  in  contact 
by  its  anterior  border  with  the  posterior  margin  of  the  fcm 01*0* can daJ, 
parallel  to  it  in  direction,  and  otherwise  in  situation  exactly  like 
accessory  femoro -caudal.     However,  that  it  is  the  obturator  extern  as 
and  not  the  accessory  femoro-candal  is  certain,  from  the  facts  that  the 
nerve  to  the  semimembranosus  is  superficial  to  it,  that  the  whole  upper 
part  of  Us  outer  surface  is  covered  with  a  tendinous  layer,  that  none  of 
its  anterior  fibres  blend  with  the  posterior  margin  of  the  upper  end  of 
the  tendon  of  the  femoro- caudal,  and  that  the  presence  of  this  musclal 
is  constant  in  birds.     The  accessory  femoro-caudal  is,  on  the  contrary^] 
superficial  to  the  nerve  to  the  semimembranosus ;  it  is  not  tendinous 
externally  up  to  ita  insertion ;  some  of  its  fibres  blend  with  the  tendon 
of  the  femoro -caudal  just  before  it  joins  tbe  femur ;  and  its  presecoe  j 
is  uncertain.     In  Sula  the  ambiens  has  a  tendinous  link  at  tbe  out 


*  Meckel  tlid  tiot  find  the  anibietiit  in  the  Connomnt  j  it  is  pecidinr  m  that  it 
rum  through  the  bub^tiujcc  of  the  large  iriaugular  [jiitvUa,  iu  a  bouy  < 


OK  CGRTAIN  MUSCLES  OF   BIRDS. 


OiotmiidtiB  possess  the  ambiens,  the  semitendinosaSi  and  the 
'  ■emitendinosaa ;  the  accessory  femoro- caudal  is  absent.    The 
feaonvcand&I  is  very  small  in  Oieonia  and  absent  in  LeptopHlus  ;  and 
iJkm  postacetabniar  portion  of  the  tensor  fascice  is  the  same. 

Species  examined. 

Okama  alha,  Otcottia  mugiMxri. 

ni^ra.  LepiapUlua  crumenlferus. 

The  PlaialMm    possess    the    ambiens,   the    femoro-caudaU    the 
ftcceesofj  femoro-caudal,  the  semitendinoans,  the  accessory  semiteu* 
dinosns,  and  the  postace tabular  portion  of  the  tensor  fascia?,  which  is 
8maU. 
F^!<»<B8^  Species  examined. 

Plaialea  leuoi^nMlia,  Ibis  inelajiocephala. 

ajaja.  —- — -  nippcni. 

I  hit  rtt^ro*  spinicoUU. 

"         iiricHpennis, 

The  PftfrnikopteridcB  possess  the  ambiens,  the  accesaory  femoro- 
oandal,  the  semitendinosus,  the  accessory  Bemitendinosns,  and  the 
pof&tacetabnlar  poilion  of  the  tensor  fascise ;  the  femoro-candal  is 
absent 

Species  examined. 

P/t(r  ■"' "r'-f"'^  ""*'' ^riim,  Phajiucopterus  ruber, 

TIr>  J  ^  I  he  ambiens,  the  femoro- caudal,  the  acces- 

aory fomoru-oandal  (very  large)*  the  semitendinosus,  and  the  post- 
aoetabular  portion  of  tlio  tensor  fasciae ;  the  accessory  semit^ndinoana 
isabaent 

Species  examined. 

Tadoma  rtUila, 


ChUi^phnQa^  sp. 
Cjfigntis  m^rkollis, 
^  —  bnfcinat(fr. 
^—  co$eoroha> 

D09wtrt>cfj(fna  autumnalu> 
«-^  viduata* 

Tht»  C*duttihtt*  possess  the  fomoro-candiil,  the  semitendinosus,  thai 
atH»ei*»**>ry  HoiniU^ndinosus^  and  the  postace tabular  portion  of  the  tens 
fiMii*ia»;  the  accessory  femoro- caudal  is  present  in  all  but  Lophol^Bmm 
(ii«r«ifWtc  M^.     The  ambiens  may  bo  present  or  absent;  and  this  feature 
id  iiridmbty  »  ^uhrtiiuily  i^haracter. 


A^  galericulata. 
Mareea  peneJops. 
JDafita  spin icanda . 
Querqu&Jida  crecctt. 
Metifpiaiia  peposaai, 
FuUgula  cmtata, 
Mergut  eoiUff^ 
Mergdlm  albtllm. 


Outer  yicw  of  ri/;lit  tliigli  of  Bemicla  hrmta^  partlj  dissected, 

#,  iartorius;  o«?,  obtumtor  Pitornus;  Ad^  UrL]duL'k>r;  h,  biceps  j/f,  feujoro-eAudnl, 
afc^  aecesaon  feuiuru-iuudul ;  #f,  semitendinosuf  ;  tm^  BCDiimombranoflUJ ; 
J»,  pubU  i  /r,  fejuorul  vein. 


The  arabiena  is  present  in  :— 

PterocI^  akhata. 

Chamcppelia  talpacoti. 

areimria. 

Metriopeim  mela no^ttera* 

Lopholmmus  antarctiem. 

Tympanvitna  hicolor. 

Columba  omaa. 

Leptoptila  jamaicensis. 

Uvia. 

CJ^lc&phapB  chrysochlora 

leficocephala. 

Ocypkaps  lophotes. 

Phapg  chalcoptera. 

€a  rpuphafja  tjlvbicera. 

— —  vijiacca. 

cenea. 

Turtur  sefiegalensu. 

Oahmtai  nicoharica. 

aldahrantt^. 

DiduTWulm  $trigiro8tri9* 

Chalcopelia  ehalcospUoi. 

The  ambiens  is  absent  in : — 

Goum  coronata. 

Geopelm  striata. 

victonm. 

placida. 
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Oeopelia  cmieata, 

hunieralis.. 

PtUopus  melanocephalus. 


Treron  calva, 
PMogceiias  cruentata, 
Stamoenas  cyanocephala. 


The  Qallince  possess  the  ambiens,  the  accessory  femoro-candal,  the 
semitendinosus  (large),  the  accessory  semitendinosns  (large),  and  the 
postacetabalar  portion  of  the  tensor  fascias  (large)  ;  the  femoro-candal 
is  well  developed  in  some,  small  in'  some,  and  absent  in  a  few.  An 
asterisk  is  placed  by  the  name  of  those  in  which  it  is  absent. 


Species  examined. 


Page  640. 


Tetraonidjb. 

Tetrao  urogalltu. 
tetrax. 

Phasunidje. 

FraiicoUnu8  vulgaris, 

afer. 

ponticeriantu, 

gularis. 

clappertonii, 

Arhoricola  torqueola. 
Perdix  cinerea. 
Gotumix  communis. 
Rollulus  coronatus. 
Odontopliorus  dent  at  us. 
Ortyx  Virginia n us. 
Eupsychortyx  cristatus. 
Caccahis  chukar, 
Phasiamis  colchicus. 
versicolor. 


Thaumalea  picta, 
amherstite. 


Euplocamus  erythroph tha Imus. 

vieilloti. 

pyronotus, 

horgfieldii, 

alho'Cristatus, 

Qallus  hankiva, 

Ceriomts  temminckii. 
*Pavo  nigripermis, 
* muticus. 

Argus  giganteiis, 
*Meleagris  gallopavo, 

Numida  meleagris. 

Cracid£. 

Crax  ghhicera, 

incommoda. 

Pauxis  mitu, 
Penelope  cr  is  tat  a. 

pileata, 

Ortalis  alhiventris. 

Megapodidj:. 

Talegalla  lathami. 
Megacephalon  maleo. 


Of  the  Alectorides  the  familioa  will  be  considered  separately. 

In  the  Bustards  as  represented  by  Otis  macgueeni  and  Eupodoiis 
denhami  the  ambiens,  a,ccessory  femoro- caudal,  the  semitendinosus,  the 
accessory  semitendinosus,  and  the  postacetabular  portion  of  the  tensor 
fascia)  are  present ;  the  femoro-caudal  is  absent. 

In  the  (Edtcnemidiv  the  accessory  femoro-caudal,  the  semitendi- 
nosus, the  accessory  semitendinosus,  and  the  postacetabular  portion  of 
the  tensor  fascia?  arc  present.     In  (Edicncmus  hiMrtatus  and  (E.  super- 
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eiliarut  the  femoro-candal  is  present,  but  very  slender.  In  (E.  grallarius 
it  is  absent.  The  ambiens  is  present  in  the  three  above-named  species, 
but  it  is  peculiar  in  being  sometimes  bat  imperfectly  developed.  It 
crosses  the  knee  very  externally,  and  was  quite  normally  developed 
in  a  specimen  of  (E,  histriatus  and  in  one  of  CE,  grallarius.  In  another 
specimen  of  (E,  grallarius  it  was  lost  anteriorly  on  the  fascisa  covering 
the  knee ;  and  in  one  of  (E,  supercilia/tis  it  crossed  the  knee,  but  sent 
off  a  slip  on  the  in-  and  outside  to  join  the  investing  fascia. 

In  the  CariamidcB  the  semitendinosus,  the  accessory  semiten- 
dinoBus,  and  the  postacetabular  portion  of  the  tensor  fascias  are 
present.  The  ambiens  was  absent  in  a  specimen  of  Gariania  cris- 
tcUa^  but  present  in  one  of  Chv/nga  hurmeisteri  The  femoro-caudal 
was  absent  in  both.  The  accessory  femoro-caudal  was  present  in 
Gariama  cristata,  though  extremely  small.  It  was  absent  in  Chunga 
burmeisteri. 

Among  the  Gruidce,  Orus  antigone  possesses  the  ambiens,  the 
femoro-caudal  (very  small),  the  accessory  femoro-caudal  (small),  the 
semitendinosus,  the  accessory  semitendinosus,  and  the  postacetabular 
portion  of  the  tensor  fasciaD,  as  does  also  Anthropoides  mrgo. 

Among  the  EurypygidcE,  Bhinocheitts  juhaius  possesses  the  ambiens, 
the  femoro-caudal  (extremely  thin),  the  semitendinosus,  and  the 
accessory  semitendinosus  ;  the  accessory  femoro-caudal  is  absent. 

The  Eallidce  possess  the  ambiens,  the  femoro-caudal,  the  accessory 
femoro-caudal,  the  semitendinosus,  the  accessory  semitendinosus,  and 
the  postacetabular  portion  of  the  tensor  fascies. 

Species  examined. 

Ballus  aquattcus,  Ocydronms  sylvestris.  Pago  641. 

Ar amides  cayeiinensis.  Porphyrio  madagascariensis, 

Forzana  americana,  melanotus, 

caroUnensis,  Gallinula  chloropus. 

Crex  pratensis. 

The  Grall<B  possess  the  ambiens,  the  femoro-caudal,  the  semiten- 
dinosus, the  accessory  semitendinosus,  and  the  postacetabular  portion 
of  the  tensor  fasciae ;  the  accessory  femoro-caudal  may  be  present  or 
absent. 

It  is  present  in  : — 

Glareola,  sp.  Charadrius  hiaticvla. 

Numenius  arqnatm.  Himantopus  nigricollis, 

—  phceopxis,  Parra  africana, 
Hcematopiis  niger. 

It  is  sometimes  present  (very  small),  sometimes  absent,  in  :— 
Gharatlrius  2)luvialis,  Vanellus  cristatus. 
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li  18  absent  in  : — 

StrefisHas  Interpres. 
Lvmosa  rtifa. 
Totantis  cultdris, 

*»olUarvis. 

Gtimht'ffa  Jtavi^Hi, 
Machetes  ptigtiax. 


Scotcpaaf  rusfteula, 
QaUinago  gctdopacina* 

gallmula. 

CalidrU  canuttu* 
Trmga  cindus. 


The  Gavitv  possess  the  ambiens^  the  femoro-candal,  the  semitcn- 
ilinosus^  and  the  aocesaorj  semitendinosus;  tbe  pofltaceiabular  portion 
of  the  tensor  fascias  is  sligbtlj'  developed  in  Larus  and  Lestrisy  but  not 
in  Sterna;  the  accessory  femoro -caudal  is  present,  though  small^  in 
SiemOi  but  absent  in  Larus  and  Lestris, 


Species  examined. 

Lotus  gluucm. 
Sterna  hirundo. 


LestrU  antarcticm^ 
Larus  argentattts. 

The  FrocelhtnLdm  mast  be  considered  nnder  two  divisiona,  the 
Storm-petrels  and  the  true  Petrels. 

The  Storm^Petrels  possess  the  femoro-caucl^,  the  accessory 
fomoro- caudal,  the  semitendiiiosus,  the  accessory  sexnitendinosns, 
and  the  postace tabular  portion  of  the  tensor  fasciee;  the*  ambiens 
wei'e  present  in  a  black  one,  bnt  quite  absent  in  three  specimens  of 
a  light- grey  species* 

Species  examined. 
Frocdlarla  pelagica  f  •  PrmtUartii  ft  eg  at  a  T\ 

The  true  Petrels  possess  the  ambiens,  the  femoro-candal,  and  the 
"^^042.  semitendinosus;  the  postacetabular  portion  of  the  tensor  fasciie  is  very 
small,  or  absent,  and  the  accessory  fe more- caudal  is  present  in  all  bat 
Buhveria  hulweri. 

[The  accessory  semitendinosus  is  absent.]! 


(Eitrelafa  l4^soHt  f 
PrioTi  vittata, 
Daption  capen»u. 
and  some  unnamed  specimens. 


Species  examined, 

Bulwerhi  huhveri, 
PuJ/inm  angloruin. 


•  [Thii  U,  in  nil  probabilitv,  OceanUeM  oeeamiea.     Tbe  true  PnfcelUtrim  j 
|Aok«  the  ftccosaory  Bcmit«?ritUnuaiifl  muftcle. — Ei>.] 

t  [An  uncertjiin  BpeoUM. — K©.] 

I  [rhitt  paa«agfi  boa  been  corrected  ;  **9einitcndino#Ui*'  (on  p.  642)  being  ft  ink- 
priiii  i&T  '*  femoro-cauildp*'  liiul  the  ohBoncc  or  the  acvesioiy  iemitcudiuosui  miudtt 
in  the  birtU  omitt<*d  in  Uic  origiuiiL. — Ei»,j 
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The  Pygopodes  consist  of  two  distinct  families. 

Among  the  Golymhidce,  Oolymhua  glacialia  possesses  the  ambiens, 
the  femoro-candal,  the  accessory  femoro-candal,  the  semitendinosns, 
and  the  postaoetabnlar  portion  of  the  tensor  f asciaa ;  the  accessory 
semitendinosns  is  absent. 

The  PodicipidcB  possess  the  accessory  femoro-candal,  the  semiten- 
dinosns,  and  the  postaoetabnlar  portion  of  the  tensor  fascisB;  the 
ambiens,  the  femoro-candal,  and  the  accessory  semitendinosns  are 
absent.  In  these  birds  the  semimembranosns  is  very  thin  in  Podtceps 
minor;  in  specimens  preserved  in  spirit  I  have  not  seen  it,  probably 
because  it  is  so  slender. 

Species  examined. 

Podtceps  cristatus,  Podtceps  nowB-hoUandice. 
mvnor. 

The  AlcidcB  possess  the  femoro-candal,  the  accessory  femoro- 
candal,  the  semitendinosus,  and  the  postaoetabnlar  portion  of  the 
tensor  fascisB;  the  ambiens  and  the  accessory  semitendinosns  are 
absent. 

Species  examined. 

Alca  torda,  Arctica  oZZe. 

Uria  troUe. 

The  Impemtes  possess  the  ambiens,  the  femoro-candal,  the  acces- 
sory femoro-candal,  and  the  semitendinosus ;  the  accessory  semiten- 
dinosns and  the  postaoetabnlar  portion  of  the  tensor  fascias  are  absent. 
In  Eudyptes  the  insertion  of  the  femoro-candal  is  mnch  nearer  the 
condyloid  end  of  the  femnr  than  to  the  head. 

Species  examined. 

Aptenodytes  pennantii,  Bpheniscus  humboldti. 

Spheniscus  demersus,  Eudyptes  catarractes, 

.  The  Crypturt  possess  the  ambiens,  the  femoro-candal,  the  acces- 
sory femoro-candal  (which  has  a  slip  arising  above  the  sciatic  foramen, 
found  elsewhere  only  in  the  Struthiones),  the  semitendinosus,  the 
accessory  semitendinosus,  and  the  postacetabular  portion  of  the  tensor 
fascisB. 

Species  examined. 

Bhynchotus  rufescens,                           Crypturus  sallcei, 
Crypturus  obsolettis.  noctwagus. 

The  Struthiones  present  marked  peculiarities.  Page  643. 

In  Apteryx  the  postacetabular  portion  of  the  tensor  fascifia  is  very 
large,  and  slightly  overlapped  at  the  lowest  point  of  its  origin  by  the 
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posterior  superior  portion  of  tho  semitendmosus.  The  semli^ndinOiiui 
is  weU  developed,  and  has  a  broad  aecosfiorj  heacL  Tlio  acceflBOfy 
femoro-caudal  is  peculiar ;  for,  on  remomig  the  bicepH  cmrifl,  its 
Buperfieml  portion  is  seen  running  obliquely  upwards  and  forwards  to 
the  wbole  length  of  the  Uuea  aspera  of  the  femur,  from  its  usual 

Fig.  6. 
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Outer  Tiew  of  thigh  of  Apt^iyx  ott>tmi,  dlasectftd. 

*,  Bsrt'Orius  I  i/t  tonsor  fascLtL^ ;  A  o  and  6  j\  bict?ps,  origin  and  insertion  j  ^l^  I  ond  TV, 
gltiteua  primus   iind  quiirttiB  j    gf,  BcmitendinoBtifl  j    o  *  /,  oceessorj  ftetnilc'n- 
dinosii»j  ^n,  eomimi>mbranoeus :  *fc^  aufi^rfieial  femoro-cftodal  j /'r,  femoro-  , 
caudal ;  a  f  r,  accessory  femoro- caudal ;  Ad,  adduct-or.     The  astDrisk  on  tb 
temimembmnosuB  is  on  the  ?pot  at  which  its  second  or  true  insertion  i» ;  th 
other  ai^tcrbk  is  placed  on  the  slip  of  the  acocesorj  remoro-cftud&l  (in  thlfl  cm 
BDcciallT  modillod),  which  m  ftjund  in  StfEitliioua  burds  and  the  Tinamooft  onl/J 
aJsore  the  «ciatio  Towel  and  norro, 

origin.  The  sciatic  artery  and  nerve  are  superficial  to  this  muscle 
(adductor  longna  of  Owen),  and  parallel  to  its  insertion,  as  in  most^ 
birds;  but  they,  as  is  not  the  case  except  in  the  Struthiones  and 
Crifpturt\  perforate  it  at  the  sciatic  not^h,  leaving  a  email  portion  of 
the  muscle  (the  addnctor  brevis  of  Owen)  above  them.  The  anterior 
'>^I||^6U.  terminal  fibres  of  this  muscle  are  sitnated  external  or  Hupcrticial  to  tbol 
accessory  semi  ten  din  osns. 

After  this  muscle  has  been  removed  or  tnrned  baek.  tboro  is  srrn  a 


mi 
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deeper  mnsclo,  which»  if  the  one  descnbccl  above  did  not  exist,  would 
be  JQstlj  considered  to  be  tlie  femoro- caudal  and  the  accessory  femoro» 
caudal,  part  springing  from  the  iliac  ridge  and  part  from  the  coccyx, 
whilst  both  are  inserted  into  tho  posterior  portion  of  the  linea  aspera 
and  have  the  nerve  to  the  semimembranoBUB  situated  between  them 
and  the  adductor  magnns. 

The  semimembi'anosus  is  also  peculiar  in  baving  a  second  head  of 
origin  from  the  ischium,  behind  the  femoro-caudal,  and  just  in  front 
of  the  origin  of  the  semi  tend  inosns,  so  tbat  the  femoro-caudal  runs 
partly  in  a  separate  canal  between  the  two  heads  of  origin  of  this 
moficle  and  covered  by  it. 

The  other  muscles  aro  pr&Bent  as  in  most  birds.  The  ambicBS  is 
strong. 

Species  examined. 

Apierifx  owenii.  Aplenjx  mnnteUi, 

In  Oasiiarivs  the  postacetabular  portion  of  the  tensor  fasci»0  is  very 
large,  and  is  overlapped  below  and  behind  by  tho  semitcndinosus  near 
its  origin ;  the  femoral -caudal  forms  a  small  cylindroidal  belly,  wbicb 
IB  continued  upwards  as  a  narrow  tendon;  the  accessory  femoro- 
caudal  is  enormous,  being  perforated  by  the  sciatic  artery  and  nerve  ; 
it  replaces  to  a  great  extent  the  obturator  extemus,  which  is  pecu- 
liarly small,  and  situated  anterior  to  it  in  origin,  as  usnaL  The  semi- 
tendinofiUB  is  present  and  baa  a  broEid  accessory  bead.  The  ambiens 
is  absent.     The  other  muscles  are  as  in  most  birds. 


CatimrijM  henneUti. 


Species  examined. 

Ciiswirius  bkaruntulatus. 


In  Drommta  novce^hoJlmtdiw  the  semitendinosus  ia  larger  than  in 
Cammrifis^  and  tbe  accessory  bead  is  large;  the  femoro-caudal  is 
absent ;  and  the  accessory  femoro-caudal  is  very  large,  being  pierced 
by  the  sciatic  artery  and  nerve.  Tbe  biceps  cruris  is  very  peculiar  iti 
not  being  inserted  in  its  nsnal  characteristic  manner,  but  ending  a 
little  anterior  to  the  middle  of  the  tbigb  very  indefinitely,  blending 
with  the  fasciie  in  that  region,  and  not  being  continued  directly  to 
the  fibula  at  all.  Tbe  Bemimcmbranosus  also  is  peculiar  in  having 
an  aponeurotic  connection  with  the  middle  of  the  linea  aspera,  from 
about  tho  middle  of  its  course.     The  ambiena  is  absent. 

In  Rhea  amertcana  a  somewhat  similar  condition  is  found.  The 
biceps  is  normal ;  and  tho  semitendinosus,  the  accessory  semiten* 
dinosus,  as  well  as  the  postacetabular  portion  of  the  tensor  fasciffi  are 
mncb  as  in  Oasnarins  and  Unmurm.     The  femoro-caudal  is  absent ; 
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the  ayCceBsory  femoro- caudal  is  large,  boing  perforated  by  Uie  sciatic 
artery  and  nerve  ;  and  the  ambiens  is  strong. 

In  Stimthio  camehis  the  ambiens  is  also  well  developed. 


Part  IL»     (Plate  V.) 

(IIL  The  facts  contained  in  the  former  part  of  this  connniinication 
("  Proceedings  of  the  Zoological  Society,"  1873,  p.  626)  bei^ng  in  an 
expanded  form^  it  is  not  easy  to  appreciate  their  fall  significa-nce  at  a 
glance,  Bor  without  considerable  diflScnlty.  To  obviate  this  incon- 
venience I  have  constructed  the  following  table,  which  is  so  arranged 
that  by  a  very  simple  method,  it  is  poRsible  to  tell  without  further 
reference  which  of  the  five  muscles — ^the  ambiens,  the  femoro-caudal, 
the  aecesBory  femoro-caudal,  the  semitcodinosus,  and  the  accessory 
semi  tend  inoana — are  present  or  ahsent.  To  obtain  this  result  the 
names  of  the  muscles  themselves  have  been  omitted,  and  single  letters 
of  the  alphabet  used  in  their  stead. 

The  femoro-caudal  is  represented  by , A 

The  accessory  femoro-caudtil  ..*.,.,..... B 

The  semitendinosuB ..,...,... X 

The  accessory  semitendinosns Y 

When  these  four  muscles  are  present  in  a  bird  the  formula 
A  B.  X  y  expresses  the  fact ;  when  any  one  is  absent,  that  such  is  the 
case  is  indicated  bj  the  omission  of  the  letter  representing  it.  Thus 
the  formula  A.  XY  indicates  that  the  accessory  femorc»-caudal 
muscle  only  is  absent ;  A  B,  X  that  the  accessory  semitendinosus  is 
missing;  A.  X  thai  the  fernoro-caudal  and  semitendinosus  only  are 
to  be  fouQd ;  and  A  that  the  femoro-caudal  alone  is  present.  These 
formulae  may  be  termed  myological  formulae.  No  bird  is  known  in 
which  all  these  four  mnacles  are  deficient. 

In  the  accompanying  diagram  (Plate  [5]  XYII.)  all  those  birds 
which  have  the  same  myological  formula  are  included  together  in  one 
circle ;  and  the  cirdes  are  so  placed  in  relation  to  one  another  that,  if 
they  were  drawn  on  the  surface  of  a  sphere,  there  would  be  only  a  singk 
operation  of  addition  or  subtraction  necessary  to  move  from  any  one  | 
to  any  of  its  immediate  neighbours. 

Of  the  four  letters  A,  B,  X,  and  Y  the  following  are  the  sixteeii  I 
possible  combinations. 


•  Part  II,  "  Proceedings  of  the  Zoological  Society."  I87i,  pp.  1U-2S,  pi.  XVTL 
Bitd,  Feb.  3»  1874. 
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AB.XY         AB  B.XY  XY 

AIIX  A.X         B.X  X 

AB,Y  AY         B.Y  Y 

A.Xr  .4  B  0 

Tbose  prinl^ed  in  italics  are  tliose  wliioh,  if  cotisidered  as  myo- 
logical  lormoltB  on  the  nomeuclature  above  giv^en^  liave  been  found 
amongst  birds ;    in  other  words^   there  arc  eigbt  different  types  of  ^^^  112. 
muBcoJar  arrangement   in  the   thighs   of   birds,  as  far  as  the  foar 
mUBcles  now  under  considei'atiou  are  concerned. 

Each  of  the  circles  in  the  diagram  is  divided  into  two  halves  by  a 
vertical  line,  so  that  the  names  of  all  those  birds  wbich  are  fonnd  to 
posaesa  the  ambiens  maacle  may  be  distinguished  from  those  in  whicb 
it  is  absent.  The  birds  in  which  the  ambiens  is  present  are  placed  in 
the  left-band  semicircles;  ^hose  in  which  it  is  absent  are  to  be 
found  in  the  right-band  semicircles, 

A  few  examples  may  illustrate  the  method  of  employing  this  table. 
Taking  the  Mtisophatjidfy\  for  instance,  they  being  found  in  the  circle 
A  B.  X  Y  evidently  possess  all  the  four  muscles — the  femoro-caudal, 
the  accessory  femoro-caudal,  the  semitendiiiosas,  and  the  accessory 
semitendinosua ;  and  being  on  the  left  side,  have  also  the  ambiens. 
The  StritjultE  being  on  the  right  side  of  the  circle  with  the  formula 
A,  possess  only  the  femom- caudal,  the  ambiens  being  also  absent, 
Eld  fio  on.  Those  birds  whose  names  appear  partly  in  both  semi- 
circlea  may  or  may  not  posaes©  the  ambiens  mnscle  in  their  different 
genera. 

Before  going  further  it  will  be  necesiiary  to  show  what  degree  of 
constancy  is,  as  a  rnle,  to  be  expected  in  the  myology  of  birds. 
Respecting  this  point  mj  experience  is  that  individuals  of  a  species 
agree  precisely  in  their  muscular  arrangement.  Many  specimens  of 
a  considerable  number  of  species  have  passed  through  ray  hands,  and 
I  have  frequently  dissected  them  one  after  another  in  order  to  detect, 
if  possible,  any  individual  variations;  such,  however,  have  not  been 
forthcoming.  It  is  true  that  in  a  single  specimen  of  {Edtcn^mum 
ffrallarins  the  ambiens,  instead  of  crosbing  the  knee,  ended  on  the 
inner  side  of  the  ligtimentum  patella^;  however,  the  muscle,  thoiigb 
imperfectly  developed,  was  undoubtedly  there.  The  only  other  in- 
stance  of  an  unexpected  and  abnormal  individual  structure  was  the 
presence  in  a  specimen  of  Pomatorhinus  temporaltx^  on  one  side  only^ 
of  an  aecesaory  lemoro- caudal,  which  I  have  not  once  seen  in  any 
other  of  at  least  lOQ  Passerine  birds  that  I  have  examined. 

From  these  observations  it  is  evident  that  individnals  of  a  species 
uU  agree  in  the  arrangement  of  the  mnsclea  of  the  thigh  at  least — so 
much  so  that  any  ^iceuliarity  observed  in  a  specimen  dissected  for  the 
tirst  time  may  bo  taken  to  be  ehai'acteristic  of  the  species  itself. 

p 
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Tlie  same  remarks  apply  to  the  species  of  a  genus.  Of  eeveral 
geuera  I  have  bad  the  opportunity  of  diRsecting  many  species,  seven 
of  Buhot  six  of  Ardea  aud  Colnniha^  five  of  Bticeros^  Francolinus  and 
Ibis,  foiir  of  Chrijgoti^f  Brofogery.%  and  Geopelia,  three  of  a  large 
number^  and  two  of  many  more.  In  all  these  genera  the  myology  of 
the  species  does  not  vary,  and  its  constancy  is  sufficient  to  Justify  tho 
suspicion  that  when  there  are  muscnlar  differences  between  the  Rpecies 
of  an  accepted  genus,  it  is  because  genera  have  been  combined  which 
ought  to  be  kept  distinct  Such  la  evidently  the  case  with  Corturwif 
in  which  genus  those  without  the  red  tail  differ  from  those  possessing 
it  {Pyrrhnra),  the  ambiens  muscle  being  present  in  the  former  and 
absent  in  the  latter.  There  are  also  other  anatomical  differenoea 
Pige  113.  between  them.  The  genus  Conunts^  therefore,  as  at  present  generally 
defined,  is  too  extensive,  and  from  it  must  be  Beparated  off  the  genua  ' 
Fyrrhura  of  Bonaparte. 

In  Euplocamiis  iheTQ  is  an  apparent  slight  exception  to  the  uni- 
formity in  generic  myology.  In  some  species,  as  2?,  enjthrophth^miis^ 
E,  albocristatuSf  and  E,  horf^fteldiif  the  femoro-caadal  is  present, 
though  very  small  indeed  \  in  a  apecimen  of  E.  vieilloti\  however,  it 
could  not  be  found  at  all.  This  tendency  to  the  entire  disappearance 
of  an  almost  obsolete  muscle,  however,  can  have  but  little  weight  in 
generaLizations  of  the  character  under  consideration. 

Ascending  to  the  next  zoological  grade,  in  the  families  of  birds 
there  may  be  myological  differences,  though  in  some,  such  as  the 
Anaijdee,  the  Aecipitres  proper,  tho  Strigidro,  and  most  of  the  smaller 
families,  none  have  yet  been  found.  The  femoro-caudal  is  the  muscle 
w^hich  seems  to  be  the  most  susceptible  of  variation.  Amongst  the 
CathartidBe  it  is  present  in  Cathartes  mid  absent  in  Sarcorhamphus  B.nd 
G}jparehii^.  Amongst  the  Gallinte  it  is  absent  in  Favo  and  Meleagrtg^ 
very  small  or  absent  us  alx^ve  mentioned  in  Euploeamm^  and  well 
developed  in  Onllus  and  Argus.  The  various  genera  of  Colnmba^  and 
Paittaci  may  or  may  not  possess  the  arabiena,  as  is  the  case  with 
Cormrits  and  Fyrrhura  mentioned  above.  Amongst  the  Cuculidie,  the 
Ground-Cuckoos  (Centrfipiut,  Gui ra,  PhoBntcophaes)  dlSer  from  Cu^ulua 
and  its  allies  in  having  the  accessory  fern oro- caudal  developed,  whilfii| 
it  is  absent  in  the  latter,  tlieir  respective  formulae  being  A  B*  X  Y  and 
A«  X  T.  This  pecuHarity^  when  added  to  those  in  the  pterylomSf 
justifies  tho  division  of  the  family  into  two  sabfamilies,  which  may  be 
termed  the  CentroimdiucB  and  the  Cnculittm.  In  the  same  way  the 
Fw%  differ  among  themselves  in  possessing  or  being  deficient  of  the 
accessory  semi  ten  dinosus,  Pic}is  being  one  of  the  latter,  whilst  GtKrinu^t 
Leu€4merpeg^  &c«,  are  of  the  former. 

It  may  bo  inferred  from  the  above  statements  that  in  the  families 
of  birds,  though   there  may  be  myological    differences  amongst  tho 
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genera,  these  dJfTereBces  are  never  more  tTonsiderable  than  such  as 
consist  of  the  absence  of  one  muscle  from  the  tjpical  arrangement  of 
the  family,  or,  in  other  words,  from  the  modification  of  one  element 
of  the  trpical  formula.  When,  therefore,  it  is  found  that  under  any 
accepted  arrangement  there  are  subfamilies  differing  from  one  another 
by  more  than  a  single  moBcnlar  pecnlianty,  there  is  reason  to  expect 
that  these  subfamilies  would  be  further  separated  in  a  natural  arrange- 
ment. The  Arcipiires  furnish  an  example ;  the  mjological  furmulaa 
of  its  subdi  vis  ions  are  subjoinedj  +  and  —  indicating  the  presence  or 
absence  of  the  ambiens  muscle : — 

Falcmiidiy^  A  4- 

Vulitiriilcp  A  -f 

Cathartidm  A.  X  Y  +  or  X  T  + 

Slrigidt^  A  — 

Serpentariidf^  B.  X  Y  + . 

This  table  makes  it  evident  that  the  Falcoiudm  and  VtiUuridip  are 
widely  separated  from  the  Caiharfidas  and  the  Serpen iaru'dtFt  and  that 
it  is  perfectly  impossible  t^o  unite  in  any  intimate  way  these  two  Page  114. 
latter  families  with  the  two  former,  or  with  one  another.  In  fact  the 
AccipttreSj  as  generally  iefi^oed^  are  not  a  natural  groap  at  all ;  and 
the  Cathart{d(e  are  not  the  least  more  nearly  related  to  the  VuUuridcB 
thfku  to  the  Falcon id(f^. 

Respecting  families  it  may  therefore  be  said  that  myological  pecu- 
liarities wliich  do  not  involve  more  than  a  single  structural  change 
from  the  typical  arrangement  of  the  family  are  frequent,  and  that 
further  differences  indicate  a  more  distinct  relationship 

The  various  opinions  hold  by  differetit  ornithologists  as  to  the 
correct  division  of  the  Ordera  of  the  Class  Aves  are  so  numerous  that 
they  make  it  impossible  in  this  stage  of  the  inquiry  to  discuss  the 
myological  features  which  they  present.  An  inspection  of  Plate  5 
(XYII.)  is  sufficient  to  show  that  the  formula  of  a  bird  is  not  of  direct 
value  in  estimating  ordinal  characters. 


Looking  at  the  whole  subject  from  another  point  of  view,  it  may 
now  be  asked.  What  does  the  arrangement  in  the  muscles  above 
described  teach  as  to  the  major  divisions  of  the  Class  Aves?  The 
remainder  of  this  communication  will  be  an  attempt  to  answer  this 
question. 

A  mere  glance  at  Plate  5  {XVII.)  is  sufficient  to  show  that  the  facts 
disclosed  by  a  study  of  the  myology  of  birds  do  not,  without  extraneoos 
assistance,  place  the  different  families  in  their  true  relationship  to 
one  another.  Because  the  same  muscles  arc  present  in  two  families  of 
birds,  it  cannot  therefore  be  said  that  their  kinship  is  extremely  close, 
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or  the  reverse;  if  such  were  the  case  we  should  have  to  put  the 
Ardeiihv  with  the  Passeres,  and  to  separate  the  Auks  from  the  Gulls, 
both  of  which  results  would  he  Btronglj  in  opposition  to  the  teaching' 
of  osteology.  It  is  therefore  necessary  to  look  around  to  find,  if 
possible,  myological  charaetera  which  have  some  definite  relations  to 
equally  well-marked  pterylograpkic,  visceral,  or  osteological  pecn* 
liarities. 

Before  going  further  it  will  be  necessary  to  clearly  understand  a  _ 
principle  which  is  of  much  assistance  in  working  out  the  details  of 
classification  from  a  large  numher  of  unarranged  facts.  It  is  this: 
when  any  certain  structure  is  found  to  exist  in  an  unmodified  form  in 
severa!  clearly  separable  members  of  any  well-marked  larger  division 
of  the  Animal  Kingdom,  that  etructiire  must  be  considered  typical  of 
the  division ;  in  other  words»  that  structure^  or  the  potentiality  for 
producing  it,  must  have  existed  in  the  common  ancestor  of  the  division 
under  consideration;  and  those  of  its  memhei*s  who  are  wanting  in 
the  particular  structure  are  so  because  they  have  lost  it  in  process  of 
time,  not  because  the  others  have  separately  acquired  it ;  for  the  pro- 
bability, if  it  were  only  a  matter  of  probability,  is  very  little  that 
several  distinct  and  different  species  should  separately  acqnire  a  single 
iflentical  structure;  whilst  it  is  infinitely  nrore  likely  that  several 
distinct  species  should  all  lose  a  common  character.  That  all 
Mammalia  should  acquire  branched  homs  is  improbable;  hut  that 
many  which  possess  branched  horns  should  have  them  broken  off 
whilst  rushing  through  a  wood,  whatever  species  they  belong  to,  is 
mnch  more  to  be  expeeted. 

Employing  this  argument  with  regard  to  the  facts  under  discussion,  ^^H 
Page  115«  the  ambiens  muscle  is  present  in  mau)^  not  closely  related  birds*  I^^^^f 
is  found  in  genera  so  distant  as  Stndhio,  Oalln^,  Mumphaga^  Cficuluit 
Afiser^  Aquila^  Oicanta.,  and  Thidaftgldroma,  This  muscle  must  there- 
fore be  considered  typical  in  birds;  it,  or  the  full  potentiality  for 
acquiring  it  iu  time»  must  have  existed  in  the  ancestnil  bird.  Conse- 
quently those  birds  in  which  it  is  absent  may  be  set  down  as  having 
possessed  the  muscle  in  their  ancestral  form,  as  ha\nng  lost  it,  and, 
what  is  more,  as  having  lost  all  power  ever  to  recover  it — because  the 
probability  that  exactly  the  same  structure  should  be  re  prod  need  as 
the  result  of  the  influence  of  forces  diflerent  from  those  by  which  it 
first  originated,  especially  when  acting  on  the  body  modified  upon  ita 
previous  ronditionj  is  infinitelj-  little,  I  find  no  tendency  to  atavism 
in  any  structure  once  fnlly  speciahxed.  The  modification  of  the 
tarso-metatarse  of  the  Penguin  cannot  be  included  in  the  same  cate- 
gory. The  bird  is  hatched,  as  are  others,  with  an  incipient  poten- 
tiality to  develop  separate  metatarsals;  a  moditicaiion  of  its  earl 
nutrition,  U^gctber  with  peculiarities  iu  its  habits  of  life,  prevent  thd 
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metatarsals  from  blendiug  into  a  cylindrical  bone,  and  so  they  take  on 
a  semi-ancestral  form.  Therefore,  and  nevertheless,  the  Penguin  is 
no  nearer  the  Heptilia  than  any  other  bird.  It  is  a  trne  hird,  derived 
from  the  Avian  ancestor  only,  which  is  the  same  thing  as  saying  that 
it  has  no  epocial  lieptilian  affinities,  although  its  teiTestrial  and 
aquatic  habits  may  have  caused  it  to  be  acted  on  by  forces  somewbafc 
similar,  and  therefore  to  appear,  but  only  to  appear,  to  have  a  some* 
what  similar  conformation.  The  same  argument  applies  to  all  the 
members  of  the  class.  The  Ostrich  and  Tinamon  are  no  nearer  to 
reptiles  than  is  the  Sparrow  or  the  Parrot ;  thcj  are  birds,  and  there* 
fore  they  cannot  be  any  thing  else.  However  similar  afiy  individuals 
of  two  families  wbieh  separated  off  two  centuries  ago  and  have  never 
intermarried  may  he,  no  one  thinks  of  claiming  any  nearer  relatioashlp 
for  the  similar  individuals  than  for  the  other  members  of  the  families. 
Why  then  should  it  be  said  that  some  birds  are  Re^ptilian  and  others 
not?  Reptiles  and  birds  can  never  have  interbred,  therefore  there 
can  be  no  relatiouBhip  between  them. 

To  retara  to  the  subject.  There  are  some  families  of  birds,  such 
as  the  Cohimhm  and  tbe  Fdtfaci^  in  which  different  genera  vary  in  pos- 
sessing or  not  having  the  ambiens  muscle  developed*  Those  in  which 
it  is  absent  mast,  ^rom  pxfJviouH  considerations,  have  lost  it  since  the 
families  differentiated  off ;  and  therefore  those  families  may  be  classed 
with  the  others  in  which  the  ambiens  is  present.  The  Columhi^  are 
farther  complicated  in  the  samo  way  with  regard  to  the  c«Bca  of  the 
intestine ;  some  have  creca,  others  have  not ;  they  must  evidently  be 
classed  with  birds  possessing  ca?ca.  And  generally,  if  exceptions  to  a 
rule  are  foand,  when  they  are  in  the  direction  of  the  loss  of  any  given 
stmcttiralpeculiiirity,  such  exceptions  are  not  of  much  detriment  to  an 
argument  if  other  conditions  are  favourable.  But  positive  exceptions, 
such  as  the  reappearance  of  a  lost  character  in  minor  divisions  in  the 
major  division  of  which  it  is  supposed  to  be  absent,  are  not  to  be 
allowed  under  any  consideration  whatever. 

For  nearly  the  last  two  years  I  have  been  on  the  watch  for  a 
stractoral  character  or  a  comhiuation  of  characters  to  tarn  up  which  Pugo  116. 
iwould  give  clear  indications  of  the  roost  important  divisions  of  the 
bird  class.  My  search  has,  to  my  own  mind,  been  fairly  satisfactory 
in  its  results ;  for  the  classification  at  which  I  have  arrived  appears 
to  have  a  practicabihtj  about  it  which  is  decidedly  promising. 

The  oft- named  ambiens  masclo  is,  in  my  idea,  tho  key  to  the 
whole.  In  some  families  it  is  present,  in  others  absent.  By  com  bin* 
iug  all  those  in  w^bich  it  is  found  into  one  subclass,  to  be  subsequently 
termed  Homalogonatte  (typically  kneed,  because  the  ambiens  runs  in 
the  tendon  of  the  knee),  and  all  those  in  which  it  is  absent  into  a 
second,  to  be  Huhsequeuih*  termad  An omalogonahe  (abnormally  kneed), 
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a  priinaiy  division  is  the  result  which  the  following  facts  will  in  great 
measure  justify.  It  may  be  stated  at  once,  however,  that  there  are 
a  few  undoubtedly  homalogonatous  birds  in'which  the  ambiens  muscle 
is  absent ;  there  cannot  be  any  anomalogonatous  birds  in  which  it  is 
present. 

The  following  table  (Table  I.)  contains  the  names  of  the  various 
most  important  divisions  of  the  Class  of  Birds,  arranged  according  as 
they  are  homalogonatous  or  anomalogonatous.  Those  homalogonatous 
divisions  with  an  asterisk  (*)  against  them  do  not  possess  the  ambiens 
muscle  in  any  of  their  genera;  in  those  with  a  dagger  (f)  it  is  want- 
ing in  certain  genera  only. 

Table  I. 
Class  AYES. 

Subclass  HOMALOGONAT^. 
Order  I.  GALLIFORMES. 

Cohort  (a)  S  T  B  u  T  h  i  o  N  E  s. 
Family  1.  STEUTHiONiDiE. 

Subfamily  1.  Struthionince, 
„         2.  Bhetnoi. 
Family  2.  Casuaeiid^  (*). 
„      3.  Aptbbyoida. 

„        4.    TiNAHIDJe. 
Cohort  O)  G  A  L  L  I  N  A  C  E  ^. 
Family  1.  Palamedeidje. 
,,      2.  Gallinje. 
„      3.  Rallid^e. 
,,      4.  Otwm. 
Subfamily  1.   Otidlnoi. 

„         2.  Phamicopterimv. 
Family  5.  Musophagidji. 

„         6.    CUCULIDJS. 

Subfamily  1.  Gentropodinve. 
,,         2.  Cuculince. 
Cohort  (7)  P  s  I T  T  a  c  I  (t). 

Order  II.  ANSERIFORMES. 

Cohort  (a)  A  N  s  E  R  e  s. 
Family  1.  Anatidj:. 
Pago  117.  »       2.  Si'nENisciD.«. 

„         3.    COLYilBIDJK. 

„      4.  PoDicipiDji:  (*;. 
Cohort  (/3)  N  A  s  u  T  m. 

Family  1.  Peocellariid.e  (f). 

„         2.    FuLMARIDiE. 
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Subfamily  1.  Fuhnarince. 
,,         2.  BidweriincB. 

Order  III.  CICONIIFORMES. 
Cohort  (a)  P  e  L  A  R  G  i. 
„       (/3)  Cathartid-b. 
„      (7)  Herodiones  (*). 
„       (Jb)  Steganopodes. 
Family  1.  Phaethontidjc, 

„         2.    PELECANIDiE. 

„      3.  Phalacrocoracid^. 
„      4  Freoatidj!. 

Cohort  (e)   A  C  C  I  P  I  T  R  E  S. 

Family  1.  Falconid^. 
„      2.  Strioid^  (*). 

Order  IV.  CHARADRIIFORMES. 
Cohort  (a)  CoLUMBj:(t). 
Family  1.  Columbid-e. 
„       2.  Pteroclid-e. 
„     (/?)  L I M 1  c  0  L  ^. 
Family  1.  Charadriid^. 
„      2.  Gruid^. 
„       3.  Laridje. 
,,      4.  Alcid^  (*). 

Subclass  ANOMALOGONATiE. 

Order  I.  PICIFORMES. 

Family  1.  Picari^. 

Subfamily  1.  Picidce, 

„         2.  BamjyhastidcB, 
„         3.  CapitonidoB. 
Family  2.  UpupiDiB. 
„      3.  Bucerotidj:. 
,,      4.  Alcedinidj:. 

Order  II.  PASSERIFORMES. 
Family  1.  Passeres. 
„      2.  Buccoxidj:  (?). 

„         3.    TROGONIDiE. 

„  4.  Meropid^. 

„  5.  Galbulida. 

,,  6.  Caprimulgidje. 

„  7.  Steatornithid-e. 

„  8.  coraciid^. 
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Subfamily  1.  CoraciincB. 
Pago  118.  „         2.  Momotince. 

3.  Todtnce  (?). 

Order  III.  CYPSELIFORMES. 
Family  Macbochires. 

Subfamily  1.  Cypselinoe, 
„  2.  Trochilince, 

There  are  peculiarities  in  the  arrangement  of  the  csBca  of  the  intes- 
tine and  of  the  tuft  of  feathers  on  the  oil-gland  which  are  corrclatable 
-with  this  presence  or  absence  of  the  ambiens  muscle.  Some  birds 
possess  C89ca  to  the  intestine  at  the  same  time  that  the  oil-gland  is 
tufted  (1)  ;  others  have  ca9ca  and  a  nude  oil-gland  (2),  others  a  tufted 
oil-gland  aud  no  csaca  (3),  whilst  a  few  have  no  ca9ca  and  a  nude  oil- 
gland  (4) ;  the  genera  Bidunculus,  Ooura  and  Trerony  amongst  the 
ColumhcB,  have  no  csBca  and  no  oil-gland,  wherein  they  differ  from  all 
other  birds.  Now  it  is  a  curious  fact  that  it  is  only  amongst  the 
homalogonatous  birds  that  the  first  of  the  above-named  conditions  is 
found,  namely  a  tufted  oil-gland  combined  with  csBca  to  the  intestine ; 
and  what  is  more,  they  nearly  all  agree  with  it.  The  following  table 
(II.)  contains  the  names  of  those  birds  in  which  a  tufted  oil-gland  is 
combined  with  C89ca  to  the  intestine,  an  asterisk  indicating  the  families 
in  which  there  are  certain  exceptions. 

Table  II. 

Stnifhiones* .  Gruidce. 

Crypturi.  Anatidc^, 

Gallhuv*.  Sphcniscidcc. 

Otidcc*.  Colymbulw. 

Phoenicopterldiv .  ProcellariUhv* . 

PalamedeiiliV.  CiconitdiC. 

RaUidre,  Ardeidcb  (one  cacum). 

Llmicolw,  Strgiuiopodes. 

Laridce .  Falcon  idee. 

Alcldcc.  Vxdturidiv, 

'  Respecting  the  exceptions,  it  may  bo  mentioned  that  the  Sim- 
thiones  and  Otis  have  no  oil-gland  ;  but  aa  in  their  nearest  allies  it  is 
tafted,  they  may  be  included  amongst  those  in  which  it  is  so  also. 
Amongst  the  GalUncv  I  have  always  found  the  oil-gland  nude  in  the 
Meijapodidit  {Tidegalla  and  Megaccphalon) ,  The  Storm-Petrels  have 
no  ca?ca,  and  the  Ardddx  have  only  one. 

It  is  therefore  evident  that  from  the  whole  list  of  birds  termed 
homalogonatous,  only  the  Musopha^idcey  Psittaciy  ColumhcBy  Cuculidcdy 
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ajid  Caihartulie  are  exceptions  to  the  above-stated  mlej  the  first  two 
having  no  caeca,  tlie  next  two  a  nude  oil-gland,  and  tbe  last  neither 
coca  nor  a  inilbed  oil-gland. 

Another  myologieal  fact  comes  in  here  to  assist.  A  reference  to 
Plate  5  (XVI L)  in  comparison  with  Table  I,  will  show  that  no  anomalo- 
doatoug  bird  has  been  found  to  posseua  the  accessorj  femoro-candal ; 
at  is,  B  never  enters  ioto  its  myologieal  formula.  Such  being  the 
e,  when  a  bird  ha^  a  formula  with  B  in  it,  at  the  same  time  that 
either  the  ambiens  muscle  is  absent,  or  has  a  nude  oil-gland  in  C4Dra*  Pag©  119. 
bination  with  intestinal  ciijca,  it  is  certain  to  be  a  homalogonatoms 
bird.  That  the  formula  of  the  Musophagidm  is  A  B.  X  Y,  and  the 
ambiens  is  present,  therefore  more  than  counterbalance  the  exception 
presented  bj  the  ari'angement  of  their  cajca  and  oil-glands.  The  same 
remarks  apply  to  the  CucnlkL^.  The  CaihariHia'  possess  tbe  ambiens, 
which,  in  conjunction  with  many  other  Ciconiine  characters^  leaves  bo 
doubt  about  their  position  ;  and  the  Psittacl  cannot,  from  the  presence 
an  ambiens  in  some  of  them,  be  placed  with  the  Anomalogonatte,  to 
^which  they  otherwise  present  many  points  of  similarity. 

Excluding  the  Macrochires^  which  have  a  nude  oil-gland  and  no 
c«Bca,  all  the  other  anomalogoaatous  birds  have  either  a  nade  oil-gland 
and  ca>ca»  or  a  tuftod  oU-gland  and  no  c^ca ;  and  this  definite  set  of 
features  makes  it  easy  to  divide  them  up  into  two  main  orders,  the 
Piciformes  and  the  Passeriformes. 


Piciformes, 
with  tufted  oil-gland  and  no  ca^ca. 
fFUi. 

<  CapUonidw, 
L  Mamphastidie, 

JJpupidm, 

Bucerotidce, 

Alcediuulm, 


Passeriformes, 
with  nude  oil-gland  and  c 
Passeres. 
BucconklvB  (f). 
Trogonidw, 

Cap  rhi  u  Ig  idee, 
St€atorHiihid<e. 
(  CorcLciidw, 
1  Momoildm. 


The  position  of  the  Macrochires  is  nn certain.  In  so  far  as  the 
mouth  tends  to  get  very  broad  it  resembles  some  of  the  Passeriformea, 

Aa  before  remarked,  none  of  the  Anomalogonatfe  |>osses3  the 
acoesBOry  femoro-caudal  muscle.  In  them  also  the  posterior  margin 
of  the  sternum  is  more  perfectly  formed  tlian  in  the  Homalogonat®. 
Sctinsonal  feet  are  found  in  both  divisions ;  but  whilst  those  of  the 
Parix>t3  and  Cuckoos  exhibit  a  similar  arrangement  of  the  tendons  of 
the  toes,  the  Toucans,  Woodpeckers,  and  Jacamars  follow  a  quit© 
different  type. 

All  the  bii*dfl  which  present  the  palatal  characters  expressed  by 
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Professor  Huxley *8  term  Schiaogtiatlious^  and  tlie  nasal  cbaracters 
expressed  bj  mj  term  Schizorhinal,  are  liomalogonatons.  All  non- 
stmtEious  birds  witb  a  truncated  %^omer  are  anomalogonatous. 

As  to  what  appear  t-o  me  to  be  the  maiu  divisions  of  the  liomalo- 
gonatous  birds,  the  myology  of  the  thigh  does  not  give  more  than  a 
certain  amount  of  asiiista&ea.  In  list  I.  it  will  be  seen  that 
brackets  precede  the  names  of  the  smaller  divisions  or  families,  sopa^ 
rating  tbem  into  what  to  me  are  worthy  of  the  dignity  of  ordei*8. 
From  these  it  is  evident  that  I  would  divide  bomalogonatous  birds 
into  four  orders,  I.  Galliformea^  II.  Anseriformes,  III.  Ciconiilormes, 
and  IV*  Charadriiiormes  (SchizorhinoE?).  These  must  be  considered 
separately. 

The  GraHiformes  include  all  the  birds  in  which  there  ia  any 
approach  in  structure  to  the  common  Fowl.  With  the  exception  of 
P*ge  120.  the  Psitlaci  (which  in  other  points  also  are  peculiar),  and  the  Oucu* 
linm  from  amongst  the  CncuHdoo,  they  all  possess  the  accessory 
femoro-caudal  (B)  well  developed.  The  semitendinosus  (X)  and 
the  accessory  semitendinosus  (Y)  are  always  present,  and,  except  in 
Oaduarhis^  Dromwn^^  and  some  Psittaci\  the  ambieus  is  to  be  found 
well  developed. 

The  presence  of  both  the  accessory  femoro-caudal  and  the  accessory 
semitendinosus  (that  ib,  of  both  B  and  Y  in  their  myological  formula) 
is  the  most  characteristic  feature  which  they  have  in  common,  giving 
the  formula  B,  X  Y  as  typical. 

The  Anseriformea  Inclnde  most  of  the  web- footed  birds.  Their  I 
most  marked  characteristic  is  the  presence  of  the  accessory  femoro-j 
caudal  (except  in  Bulweria)^  whilst  the  accessory  semitendinosus  ia^ 
absent,  except  in  the  Storm-petrels.  With  the  exception  of  the 
PodicipidAjp^  the  femoro-caudal  is  present ;  so  that  their  formula  is  nearljr  j 
always  A  B.  X.  Excluding  Fodicepn  and  a  Storm-petrel  in  the  case  ofj 
one  species  examined,  I  have  always  fonnd  the  ambiens  present. 

The  Ciconiiformos  are  less  easily  defined  than  the  other  groups* J 
The  ciBca  coli  are  never  long ;  the  accessory  femoro-caudal  is  neverl 
present;  and  the  obturator  extenins  is  frequently  more  developed  than 
in  other  birds,  to  i*eplace  it  in  action.  It  is  in  the  pectoral  region  that 
tliese  birds  most  doaoly  agree.  The  strong  short  anterior  costo-oor 
coid  ligament,  the  bowed  space  Ijetween  the  superior  margin  of  the 
aecond  pectoral  muscle  and  the  f urcula,  and  the  frequently  complicated 
arrangement  of  the  great  pectoral,  whereby  it  is  developed  in  a  super- 
ficial and  a  deep  layer  (in  which,  by  the  way,  the  Proc*dlanidfv  agro9 
with  thero.),  all  point  to  a  not  far  distant  relationship.  The  Ard 
are  the  most  aberrant  of  the  order,  the  ambiens  muscle  being  always 
absent  in  them  at  the  same  time  that  there  is  only  one  colic  aecam. 

The  Cbaradriiformes  correspond  to  the  Schixorhin®,  so  named  by 
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me  OQ  accouat  of  a  pet^aliarifcy  in  the  atnieture  of  fche  nasal  boneai 
wLicli  iii  siifficiently  special  in  mj  estituiition  to  jtistify  the  sepamtiou 
of  a!l  those  birds  in  which  it  is  foEnd  into  a  single  order  by  themselves. 
There  are  considerable  mjological  differences  amongst  its  families 
acoording  to  their  iiabits,  the  only  uniform  character  being  the 
presence  of  the  femoro-caadal  muscle.  The  ambiens  is  absent  in  the 
Alcitift  {Akitf  Uritt)  and  some  Volnmbrs, 

The  minor  divisions  of  the  orders  above  defined  must  now  engage 
our  attention. 

The  order  Galliformeh  may  be  divided  into  three  main  divisions 
or  cohorts — a.  the  Stridhtones^  0.  the  QaUinaoecB,  and  7.  the  Ps^itlaci, 

a.  The  Slrfithiones  are  peculiar  in  the  stracture  of  the  palate ;  and 
in  them  the  sciatic  nerve  and  artery  always  perforate  the  fibi-es  of  the 
accessory  femoro-caudal  in  a  manner  not  found  in  any  other  birds. 

They  are  divisible  into  four  families,  the  first  three  of  which  have 
no  oil-gland : — 

1.  Strufhio  and  Ehea^  which  form  each  the  type  of  a  separate  sub- 
&,mily.      In  common  they  have  the  formula  B.  X  Y*,   the  ambiens 
muscle  present,  and  long  sacculated  caoca  ooli,  which  in  Strut kio  are 
situated  peculiarly  far  from  the  cloaca.      There  is  no  aftershaft  to  the  Page  121. 
contour  feathora,     Sirathio  has  two  carotids,  Rhea  only  the  hit. 

2.  The  genera  Ca^uarius  and  Drom(Bu^.  They  have  the  formula 
A  B.  X  Y  and  B,  X  Y  respectively.  The  ambiens  muscle  is  absent, 
the  ca?ca  coli  are  short,  and  there  is  a  very  large  aftershaft  to  the 
contour  feathers.     There  are  two  carotid  arteries. 

3.  Apter^Xy  m  which  there  is  an  extra  femorO' caudal  muscle,  the 
formula  otherwise  being  A  B.  X  Y.  The  ambiens  is  largo  ;  the  ceeca 
ooli  are  well  developed  ;  and  there  is  only  one  carotid,  the  left. 

4.  The  Ctypturi,  with  a  formula  A  B,  X  Y.  The  ambiens  muscle 
is  large ;  the  caeca  coH  are  well  developed  ;  and  an  oil-ghind  is  present^ 
well  tufted.  The  aftershaft  mayor  may  not  be  present  on  the  contour 
feathers, 

^.  The  QaUhiacem  all  comprise  B.  X  Y  in  their  formula ;  the 
ambiens  is  present  in  all ;  and  except  in  the  Mmophagldm  there  aro 
always  caDca  to  the  intestine. 

They  are  divisible  into  six  families  :— 

1.  The  Palarti^deidGEj  with  formula  A  B.  X  Y,  the  ambiens  present, 
casca  sacculated  as  in  Struthio  and  Mhea  only,  two  carotid  arteries,  no 
aftershaft  or  a  very  small  one,  and  a  tufted  oil-gland. 

2.  The  QalUniie,  with  formula  A  B.  X  Y  or  B.  X  Y.     The  ambiens 


[•  In  StrHiMo  there  i»  also,  as  iubfl«qaentlj  recorded  by  Profeseor  Qurrod  in  hie 
MSS.,  a  femoro-caudal  muftclo  of  **  Mr  Bize  and  quito  diatinct  from  tiie  aoeeMoriufl.'* 
Thfl  proper  formula  therefore  for  this  geraua  i»  A  B.  X  Y.     En.] 
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IS  always  present,  as  are  caaca  coli,  an  aft>ei*sliaft,  and  a  tlaird  pecUiral 
muscle  beneath  the  second;  the  oil-gland  may  be  atrongl^  tufted,  or 
the  tuft  may  be  very  weak ;  m  the  Megapodidtb  it  does  not  exist.  The 
second  pectoral  m  very  long  ;  and  there  is  a  characteristic  shape  abotit 
the  sternum.  In  the  Megapudkhn  there  is  only  one  carotiJ,  the  left; 
in  all  the  others  both  are  present.  I^either  Tuniix  nor  Fteroclea  are 
inclnded  in  tins  family. 

S.  The  EaUidfiBy  with  formula  A  B.  XY,  the  ambiens  and  cesfM 
present,  two  carotids^  an  aftershaft,  a  tafled  oil-gland,  and  a  charac^ 
teristic  sternum.     Parra  is  not  included. 

4.  The  Oiidm^  including  the  OtiditK^^  (Edicnemm,  S^entarius^ 
and  Carlama  (and  perhaps  the  next  genus,  PhcBnicvptent>s).  The 
formula  is  B.  X  Y;  the  ambiens  and  coeca  are  present,  as  is  the  after- 
shaft  ;  there  are  generally  two  carotids,  though  in  0th  detihami  the 
right  only  is  present,  and  in  Teiroj:  the  left ;  the  oil-gland  when 
present,  as  in  all  but  0//>,  is  tufted,  except  in  Cariama  and  Chunga* 

5.  The  Mnsophatjidirj  with  formula  A  B,  X  Y,  an  ambiens  miidcle» 
two  carotids,  an  afters hafl,  a  tufted  oil* gland,  and  no  c«eca, 

6.  The  Oticuluhv,  with  an  ambiens  muscle,  two  carotids,  nude  oil- 
gland,  and  caeca.     They  form  two  subfamilies:  — 

The  Centropodimf'^  or  Ground-Cuckoos,  with  formula  AB.  XY* 
The  Cuculincp^  or  true  CackooB|  with  formula  A.  X  Y, 

7.  The  cohort  Fsitiaci  preaents  in  many  points  intermediate  cha- 
racters between  the  homalogonatous  and  the  anomalogonatous  birds. 
With  a  constant  formula  A.  X  Y,  no  ceeca  or  gall-bladder,  an  oil-gland 
tofted  or  absent,  the  ambiens  may  or  may  not  be  present,  and  the 
carotids  may  cKhibit  peculiarities  in  their  arrangement.* 

The  order  Aj^sebiformeb  may  be  divided  into  two  cohorts — a.  the 
An^eres^  B*  the  Nasuias. 

a.  The  Anseres  inclnde  four  famOies,  (I)  the  Anatidco^  (2)  the 
Sphm^i^cidiFf  (3)  the  Colymhidtii^  and  (4-)  the  Podieipidm.  With  the 
exception  of  the  Podicipidoa,  they  agree  in  having  a  formula  A  B.  X, 
an  ambiens  muscle,  caeca  to  the  intestine  (except  Mergellm^  in  which 
there  is  only  one  small  eaacum),  two  carotids,  a  very  elongate  great 
pectoral  mnscle,  which  meets  its  fellow  of  the  opposite  side  above  the 
symphysis  Inrculae  in  a  median  raphe,  and  a  tufted  oil-gland.  The 
Podicipid^.  have  for  formula  B,  X ;  the  ambiens  is  absent,  as  is  fre- 
quently the  semimembranosus ;  the  loft  carotid  only  is  present  j  ther& 
are  caeca  coli  and  a  tufted  oil-gland, 

0.  The  Nm\Um^  including  the  Storm-  and  true  Petrels.  I  have  not 
dissected  Biomedea,     They  are  divisible  into  two  subfamilies : — 

1.  The  Storm-petrels,  with  formula  AB.  X  Y,  no  csoBca,  a  tniled 


•  8ee  "  FTOoeedingf  ol  the  Zoological  Society,*'  1879,  p.  466.     (9mpr^,  p.  im) 
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oil-jjland  and  a  peculiar  stemura.  The  amblena  does  not  seem  to  be 
always  developed.     Tbe  great  pectoral  is  double. 

2.  The  Futmaridtv,  with  forraula  AB.  X,  the  ambiens  muscle 
present,  two  short  cseca,  a  tufted  oil-gland,  and  a  characterisfcio 
sternum,  Bulwena  is  exceptional  in  having  its  formula  A.  X,  and 
therefore  quite  different  from  that  of  the  Stx>rin-Petrels.  The  great 
pectoral  is  double. 

The  order  Ciconiifoemes  may  be  divided  into  five  cohoi*tB  of 
somewhat  different  importance  : — 

1,  The  Pelargi\  with  formula  A.  X  Y,  an  ambiens  muscle,  a  tafted 
oil-gland,  intestinal  cffica,  and  a  double  great  pectoral  muscle* 

2,  The  Calharfiihe,  with  formula  A.  X  Y^  an  ambiens  muscle,  no 
c«ca,  a  nude  oil-gland,  and  a  double  great  pectoral  muscle. 

3,  The  Herodi&nes^  with  formula  A.  X  T  or  X  Y,  no  ambiens  mnflcle» 
a  single  caecum  colij  and  a  tufted  oil-gland. 

4i,  The  StegamypodeSf  which  do  not  fonn  so  natural  a  family^  in  my 
eyes,  as  in  those  of  many  ^  for  their  my o logical  formula  is  not  the 
same  in  all,  being 

In  Phaefhon  A.  X  Y, 
In  Sula  and  Phaiacroeorax  A,  X, 
In  Fretjala  A, 
from  which  it  may  be  inferred  that  Fhaethon  approaches  the  Ciconiidee 
and   Fregata  the  Accipitrcs.     They  all  possess  the  ambiens,  cieca,  a 
tufted  oil-gland,  and  the  four  toes  included  in  a  web,  which  is  but  im- 
perfectly developed  in  some.     Stda  and  Fhalacroeorax^  with  Phtus, 
form  one  family,  Phaethon  another,  Fregata  a  third,  and  Pelecanus  a 
foarth. 

5.  The  Ac^ipitreB  proper  inclnde  the  Falconidt©  and  the  true 
Vultures  (between  which  there  is  not  even  any  subfamily  stractural 
difference),  together  with  the  Strigitl©,  Their  formula  is  A;  the 
ambiens  is  present  (except  in  the  Strigitlfle),  as  are  ca>ca,  a  tuft  to  the 
oil-gland,  and  an  aftershaft  (except  in  Pamhon). 

The  order  Chaeadrii formes,  including  all  the  Schizorhinal  birds, 
is  a  large  one,  and  may  be  divided  into  two  cohorts — a,  the  Coluvihtv^ 
and  )3.  the  Liwieohti*     They  all,  except  Arcilca  nlle^  have  two  carotids, 

a.  The  Golumhcf't  including  the  PterocUdw^  have  a  formula  AB.XY  Pogo  123. 
(except   in   Lophohi'inu^,   in  which   it  is  apparently   A.XY).      The 
ambiens  muscle  is  sometimes  present,  sometimes  absent.    The  oll-ghuid, 
if  present^  is  nude ;  ca^ea  may  or  may  not  be  present ;  and  the  ptery- 
lofiis  is  a  very  di:^used  one. 

jS.  The  Limicolw  have  a  tnfted  oil-gland  and  coeca;  they  form  four 
families  at  least : — 

1.  The  Charadriid^j^t  with  formula  AB.  X  Y  and  A.  X  Y,  and  an 
ambiens  mus^ele. 


i. 
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2.  The  Laridfp,  with  A.  X  Y  formtila,  aed  an  ambiens  muscleT 

3.  The  Gruidti^^  with  foramla  A  B.  X  Y,  and  ambiens  muscle, 

4.  The  AlctdcB^  with  formnla  A  B.  X,  and  no  ambiens  muscle* 
The  Akomalooonatous  blrdfi  form  three  cohorts — <t,  the  Pa^j»eri- 

formes^  ^.  the  Pict/orme^,  and  7*  the  Cifpselifarmes,  They  are  divisible 
into  the  following  latniHes : — 

a,  Pa^senformes, 

L  The  Pa^seres,  with  a  formula  A. XT  (except  in  l}ieruniA^  in 
which  it  is  A,  X),  a  chamcterisiic  palate  and  sternum  (except  in 
Pteroptockiis) ,  a  left  carotid  only,  and  a  characteristic  tensor  pata^ii 
brevis  mnaclo  (to  be  described  on  a  f  nfcui-e  occasion). 

2,  The  Buccotmhvy  of  which  I  have  not  dissected  any  example,  but 
which  most  probably  come  here. 

3,  The  TrogomdiB,  with  formula  A.  X,  a  left  carotid  only,  and  a 
very  passerine  pterylosis, 

4,  The  Meropid(Pt  with  a  formula  A.  X  Y,  and  a  left  carotid  only. 
6.  The  Va'primulgidm^  with  a  formula  A.  X  Y,  and  two  carotids. 

6.  The  Sieaiornithidfe^  with  a  formula  X  Y,  and  two  carotids. 

7.  The  CorcLeiid'^,  in  which  the  Coracihue  and  Momotinm  are  com- 
bined, on  account  of  their  not  presenting  family  dilferonoes.  They 
have  a  formula  A.  X  Y,  and  two  carotids. 

8.  The  Qalbulidiv,  with  a  formula  A.  XYor  A.  X,  two  carotid 
arteries,  and  a  scansorial  foot. 

^.  Piciformes. 

1.  The  Picarim^  to  include  the  Pm,  the  UamfhuMim^  and  Oa- 
pitonidiv,  these  three  not  in  any  point  presenting  family  diffemnees. 
They  may  be  divided  into  two  subfamilies,  the  Pici  forming  the  cm6t 
the  Ramphastklw  together  with  the  CapUonidm  forming  another.  The 
formula  is  A.  X  Y  (except  in  the  Pichuji  among  the  Pici)  ;  the  form  of 
the  sternum  and  of  the  tensor  patagii  brevis  is  characteristic.  The 
foot  ia  scansorial, 

2.  The  Upupidtr,  with  formula  A,  X  Y,  a  characteristic  pterylosis* 
a  left  carotid  only,  and  a  passeriform  foot. 

3.  The  Bucerotidtie,  with  formula  A.  X  Y,  no  fat  found  on  the  body, 
a  characteristic  sternum,  and  one  or  two  carotids, 

4.  The  AlcedinidcE^  with  formula  A.  X,  and  two  carotids. 

7.  Cifpselifonne^^  including  the  CiipselidfT  and  TrodnUd(r^  between 
which  the  differonceB  are  only  of  subfamily  importance.  The 
formnla  is  A ;  the  tensor  patagii  brevis  and  the  pterylosis  are  chamc- 
teristic,  as  is  the  sternum ;  and  there  is  only  a  left  carotid  (except  in 
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Jilt  frmofo  ctmJUd  ij  denoted  by  A 
the  acce^mory  femoro  ctutdal  by  B 
the    jre.nutetidinojtus   by  Xi 

the  tiecfjtjntry  eetnitmdinttjtu*  by  .        I 
The  ttbitence  of  tiny  of  thejie  ia  indicated 
by  the  absence  i'rom  the  formula  of 
itjf  rep/'tiHentatire  leitet-. 
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33.  NOTE  ON    THE 


C/ECITM    OF 

VORUS* 


CANIS   CANCm- 


Th®  South -American  Canes  presetit  peculiarities  wliich  have  always  Pa^e  748, 
ina<3e  it  difficult  to  determine  their  exact  relation  to  the  other  members 
of  the  family.  This  difficulty  is  somewhat  increased  by  the  determi. 
nation  of  the  peculiarities  of  their  visceral  anatomy ;  for  on  eviscerat* 
ing  a  specimen  of  Canis  cancrivoi^us  I  found  that  the  ctecura  differs 
from  that  of  other  members  of  the  genus.  Whether  the  observed 
peculiarity  holds  in  other  closely  allied  species,  and  in  other  individuala 
of  the  same,  can  only  be  determined  by  the  dissection  of  other  speci- 
mens as  they  come  to  hand. 

On  the  authority  of  Professors  Owen  and  Flower,  and  of  the  late 
Mr.  H.  N.  Turner,  the  c@Bcum  of  all  the  Canidae  is  uniformly  cylindri- 
cal and  peculiar  in  being  folded  on  itself  twice  or  three  times  in  a 
eerpentiform  manner  (Fig,  B).  On  looking  at  the  distended  caecum 
of  the  common  Dog,  with  the  distal  or  colic  end  downwards^  the  caput 
upwards,  and  the  appendix  itself  towards  the  observer,  it  is  seen  t^ 
spring  from  the  junction  of  tho  small  and  large  intestines  with  an 
abrupt  turn  to  the  left,  which  is  followed  very  shortly  by  an  equally 
sadden  turn  to  the  right,  causing  it  to  stand  transversely  to  the  direc- 
tion of  the  intestine  j  a  third  bend  to  tho  left,  above  the  others,  leads 


X 


A.  Cecum  of  Cmni*  famelicux. 

B.  Caiicuiii  of  Caius/amiiiaria, 

C.  Cwoum  of  Canis  cancrivomt. 


'  all  one  half  uatyral  sue. 


•  **  Froceedingi  of  the  Zoological  Society/' 
18» 1873. 


1873,  pp,  748-9-     R<»d,  Kovember 
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to  the  ciecal  end.  This  conditioo  obtaios  in  almost  nil  the  Canidee. 
In  a  specimen  of  {7,  famelku^  I  find  tbe  Cfieciim  much  shoi*ter  than 
Pago  7iO.  uBnal,  and  forming  one  and  a  qnartar  turn  of  a  gpiral,  commencing  by 
an  upward  turn  to  the  loftj  and  ending  od  the  left  side  of  the  spiro 
(Fig,  A).  Tbe  onlj  other  peculiarity  that  is  generally  obseryed  is 
that  the  third  fold  is  less  developed  in  some  than  in  others.  But  in 
the  specimen  of  0,  cauenvonig  above  mentioned  the  ctecum  is  much 
shorter  than  usual,  being  only  2  inches  long  in  a  nearly  adult  male 
animal,  and  almost  straight,  not  showing  any  tendency  to  the  folding 
on  itself  or  otherwise  typical  of  the  genua  {Fig.  C),  In  other  points 
of  its  anatomy  no  peculiarities  were  detected.  In  the  tongue  the  cir- 
cum vallate  papilla?  were  insignificant,  three  on  each  side,  separated  by 
a  considerable  interval.  The  fourth  lower  molar  chai*act eristic  of  the 
species  (or  genus  Tliotts  of  Gray)  was  not  developed,  the  third  being 
small  and  nut  above  the  gum.  The  undistended  stomach  presented 
tbe  characteristic  form  found  in  so  many  of  the  Carnivora  and 
figured  in  my  account  of  the  viscera  of  Binturong.*  The  spleen  had 
a  rudimentary  third  lobe.  The  small  intestine  was  5  feet,  and  the 
large  intestine  6  inches,  in  length ;  and  the  latter  seemed  to  bifnrcate 
symmetrically  at  its  proximal  end  int-o  the  cificnm  and  the  smalt  intes^ 
tine,  the  two  latter  being  of  equal  diameter  and  scarcely  smaller  than 
the  colon*  The  liver  presented  all  the  characteristics  of  Cams  famu 
liaris*  In  the  generative  organs,  the  prostate  was  fairly  developed, 
and  Cowper*s  glands  were  absent ;  the  os  penis  was  deeply  grooved,  1 J 
inch  long,  and  slightly  curved. 

That  this  animal  is  a  true  Cants  is  therefore  clear;  but  that  the 
peculiarities  of  the  ctecum  are  not  certain  characters  to  employ  in 
classification  in  this  case  is  evident,  as  is  likewise  the  case  with  Nan- 
dinia  hinotcda^  which,  as  pointed  out  recently  by  Professor  Flower,t 
is  the  only  known  JEluroid  animal  which  does  not  possess  a  cfecnm. 

It  wall  be  interesting  to  observe  whether  the  other  South- American 
Cauidfe,  all  of  which  are  peculiar  in  that  the  temporal  ridges  only  meet 
across  the  skull  for  a  very  short  distance  at  their  posterior  extremity 
(though  some  other  species  present  this  pecoliarity)  and  are  consider* 
ably  separated  in  fronts  agree  with  Canu  cancrtvorm  in  the  simplicity 
and  shortness  of  their  cieca. 


•  ••  Piwcedings  of  the  Zoological  Society,**  1873,  p.  198.      (S^pr^,  p.  154) 
t  Ibid.  1872,  p.  683. 
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34.  ON  THE  VISCERAL  ANATOMY   OF   THE   GROUND- 
RAT  {AULACODUS  SmXDERNTANUS)* 

OtR  knowledge  of  tbe  mceral  anflrtomy  of  the  Rodents  is  still  in  so  Page  786. 
incomplete  a  etate,  and  the  prevalent  ideas  on  tlieir  classification  so 
correspondinglj  vaguer  that  nntil  the  detaila  of  the  stmcture  of  the 
most  important  types  have  been  published,  it  will  b©  impossible  to 
jndge  of  their  mutual  affinities. 

I  take  the  present  opportunity  of  notitig  the  most  important  points 
in  the  Ground- Rat  {jitdacodu^  swindenuanue)  of  West  and  South 
Africa,  a  male  specimen  having  very  recently  died  in  the  Society's 
Gardens. 

The  tonr^im  ia  elongate  and  narrow,  not  divided  into  an  anterior 
thin,  and  a  posterior  deeper  portion,  but  of  nearly  uniform  depth, 
blunt  and  rouinded  at  the  tip.  Among  the  papill?©  filifomies  of  its 
superior  surface,  papillro  fungiformes  are  scattered  in  small  numbers. 
The  circumvaDate  papillae  are  represented  by  two  long,  narrow,  elon- 
gate, circmn vallate?  elevations,  one  on  each  side  of  the  median  line, 
where  they  nearly  meet,  running  forwards  as  they  diverge  to  form  A 
Y.  The  root  of  the  tongue  is  covered  by  large,  lax,  and  scattered 
corneal  papillffi  between  those  last  described  and  the  hyoid  bone ; 
further  back  it  is  smooth* 

The  saUvartj  glands  present  no  peculiarities  ;  the  submaxillary  are 
the  largest. 

The  (BsophaguSt  after  perforating  the  diaphragm,  runs  for  half  an 
inch  or  more  in  the  abdominal  cavity  before  it  joins  the  stomach ;  its 
epithelium,  in  the  inverted  stomach,  projects  beyond  the  cardiac  orifice 
as  a  stLff  puckered  tube  for  about  one-eighth  of  an  inch. 

The  iiomach  is  simple,  proportionately  slightly  longer  than  in  man, 
with  the  pyloric  tul-fJe-Bac  also  a  little  more  developed.  Its  mucous 
membrane  is  smooth*  except  near  the  pyloric  end,  where  there  are  a 
few  irregular  rugse.  No  ridges  of  mucous  membrane  run  along  the  Page  7^7. 
lesser  curvature  from  the  cardinc  to  the  pyloric  orifice.  The  pylorus 
is  large. 

In  the  duodenum  the  pyloric  extremity  is  much  dilated  pyriformly 
as  in  many  Rodents.  The  mucous  membrane  becomes  velvety,  with 
villi  on  the  duodenal  surface  of  the  pyloric  valve,  and  continues  so 
along  the  small  intestine.     The  whole  small  intestine  is  5^  feet  long. 


•  **  ProceedingB  of  the  Zoological  Society/*  1873,  pp.  786-789.     Head,  Dec.  2, 
1878. 
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Tho  bile  and  pancreatic  dacts  open  by  aB  orifice  2  incbes  from  the 
pjloruBj  and  aoother  a  few  inches  farther  down. 

In  the  large  inte^tlm  the  ceecum  is  8  inches  in  length,  and  the 
intestine  itself  an  inch  over  4  feet.  It  is  pecnliar  amongst  the  allied 
Rodents  in  that  the  ciecnm  and  colon  are  directly  continuous,  no 
abrupt  chang^e  of  direction  occurring  at  the  junction  with  the  ileum  ; 
and  what  is  more,  the  sacculation  on  two  longitudinal  bauds  observed 
through  the  whole  length  of  the  cajcum  is  coutinued  for  some  distance 
along  the  colon,  without  auj  marked  change  of  character  except  size* 
However,  the  two  longitudinal  bands  which  saccalate  the  csecum  are 
not  those  which  do  tbe  same  to  the  colon  \  for  opposite  the  ileo-cecal 
valve,  which  is  a  simple  projection  of  the  small  into  tbe  lai^e  intestine 
for  one  sixth  of  an  inch,  much  like  that  in  the  horse,  one  of  the  etecal 
bands  splits  into  two,  part  going  to  join  the  other  band,  and  part 
continuing  on  as  an  independent  band.  The  small  intestine  joins  the 
large,  not,  as  is  sometimes  the  case,  at  one  of  the  bands,  but  in  the 
middle  of  one  of  the  saecali,  halfway  between  two  of  them.  The 
diameter  of  the  colon  is  less  than  that  of  the  c®eum,  and  diminishes 
gradual ly  till  it  becomes  scarcely  greater  than  that  of  the  ileum.  The 
Ba«Julation  continues,  getting  less  and  less  marked,  for  about  a  foot 
from  the  ileo-ca^cal  valve ;  and  the  rest  of  the  long  colon  is  uniformly 
cylindrical,  presenting  the  well-known  abrupt  bend  near  the  middle  of 
its  course. 

The  caput  of  the  csecum  is  situated  in  the  right  lumbar  region, 
and  the  base  in  the  left  Inmhar,  where  an  abmpt  bend  backward 
occurs,  just  before  the  small  intestine  enters.  The  omentum  is  not 
large,  and  does  not  cover  the  viscera.  There  is  little  or  no  fat  in  the 
abdomen. 

On  opening  the  ctecnm  and  large  intestine  along  its  non-meaen* 
teric  longitudinal  band,  two  strongly  marked  longitudinal  ridges  ore 
seen  to  run  from  the  ileo-ciecal  valve  along  the  colon,  one  on  each  side 
of  tbe  inner  surface  of  the  mesenteric  longitudinal  Imnd,  which  is  the 
compound  on©  formed  by  one  division  of  the  bifurcate  ciec^  longi- 
tudinal band  and  the  other  ciecal  band.  These  ridges  diverge  at  first 
and  are  afterwards  separated  by  an  interval  of  two  thirds  of  an  inch. 
For  the  proximal  diverging  2  inches  they  are  simple ;  but  after  that 
tliey  are  puckered  regularly  in  exactly  the  same  way  as  M.  A.  Milne- 
Edwards  has  figured  the  (jastric  cardio-pyloric  ridgea  in  LophiamijM, 
which  they  also  resemble  in  general  direction  and  arrangement* 
These  puckered  ridges,  after  diverging,  ^ain  approach  till  within 
one  fourth  of  an  inch  of  one  another,  after  which  they  continue 
panillel  for  a  little  more  thno  2  fctjt,  where,  jnst  after  the  sharp  culic 
bond,  tbey  suddenly  cease,  joining  one  another  jnst  before  doing  80.» 
Pitg*  788.  The  puckering,  however,  does  not  continue  the  whole  way,  it  gradn* 
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ally  diminifiliing  a  foot  from  the  ileo-ctecal  valve  and  ceasing  altogether 
4  inclies  furtlier  on,  the  ridges  continuing  as  simple  folds  like  railwaj 
lines* 


ComTDeneuig  tx^lon  of  Aulacodux  MeindermmnuM,  iMi  Q]>en  on  Ihe  non-att^chod 
border,  showing  the  iloo-c^w^al  FftlTO  on  the  left,  bpjond  which  is  the  commeocing 
eiectim ;  the  mteatinet  with  tho  two  lon^tiKlinftl  ridges,  runniug  to  tbu  right; 
o,  terminal  portion  of  small  intestine. 

The  Uver  posaesses  a  galU bladder  which  is  short  and  piriform.  It 
presents  all  the  tjppical  fissures  and  lobes.  The  median  fissure  is 
elightly  b judged  over  with  hepatic  tissue  on  the  abdominal  surface 
behind.  The  right  and  left  lateral  fissures  very  nearly  separate  off 
the  lateral  lobes  as  distinct  glands;  the  caudate  lobe  is  also  only 
sliglitly  attached.  The  left  lateral  lobe  is  the  largest,  next  the  right 
central,  in  which  the  cystic  fossa  and  fissure  arc  both  deep.  Tho 
right  lateral  is  the  smallest  of  the  four  main  lobes ;  the  caudate  is 
smaller  than  any  of  them ;  and  the  Spigelian  is  only  a  flat  flake  of 
hepatic  tissue. 

The  right  lung  possesses  four  lobe»,  of  which  the  lowest  is  the 
largest,  and  the  tc?p  one  as  small  as  the  fourth,  azygos  one*  An  ncces* 
sory  bronchus  joins  the  ngbt  bixinclius.  The  left  Jung  has  two  lobea, 
the  upper  the  smaller,  having  two  upper  diverticula ;  there  is  no  left 
accessory  bronchus. 

The  aorfa  primarily  branches  into  two  trunks  for  the  upper  extre- 
mities, an  innominate  and  a  left  subclavian  ;  the  left  carotid  soon 
leaves  the  innominate'. 
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t7B9.  Tbe  specimen  beluga  male,  those  generative  organs  only  can  l>e 
described.  Tbe  ureters  enter  the  bladder  at  abont  one  third  its  length 
from  the  neck.  The  veaicolce  Beminales  are  two  inches  long,  being* 
composed  of  tnl>ea  with  irregnlarlj  situated  lateral  diverticula  of  small 
size ;  they  eiitor  the  urettira  separate  from  the  vasa  deferentia,  which 
are  not  swollen  at  their  urethral  ends.  The  testes  are  abdominal, 
being  situated  at  the  entrance  of  the  capacious  abdominal  rings,  with 
strong  muscnJai'  gnbemacula  attached  to  the  bottom  of  the  would-bo 
scrotum.  The  epididymis  of  each  testis  is  of  about  one  fourth  its  sise. 
The  prostate  is,  hke  that  in  most  Rodents,  composed  of  closely  related 
but  not  intercommunicating  bundles  of  glandular  substance,  arranged 
in  elongated  conical  bundles,  which  can  be  easily  separated  from  each 
other,  each  being  about  two  thirds  of  an  inch  long.  The  membranous 
urethra  is  3  inches  long  j  Cowper*8  glands  are  about  the  size  of  peas, 
dark  red  and  subspherical.  The  os  penis  is  half  an  inch  long;  and 
its  free  end  forms  part  of  a  lip- like  projection  orer  the  top  of  the 
orifice  of  the  urethra. 

There  is  a  gland,  the  shape  of  the  hearts  on  playing  cardsi  fixed 
at  its  apex,  which  opens  into  the  anterior  wall  of  the  tenoination  of 
the  rectum,  just  within  the  sphincter  ani ;  it  is  white  in  colour,  and 
the  size  of  a  haricot  bean. 

The  most  striking  peculiarity  in  the  above  described  anatomy  of 
this  animal  is  in  the  arrangement  of  the  ccecum,  which  differs  from 
that  of  most  of  the  Cavies  I  have  bad  the  opportunity  of  examining  in 
not  presenting  an  abrupt  change  in  the  character  and  direction  of  the 
gut  at  the  point  of  junction  of  the  caecum  and  colon.  Hespecting  ita 
osteology  it  may  be  mentioned  that  there  are  thirteen  ribs,  and  th&t 
the  clavicle  waa  not  developed  from  end  to  end  in  this  not  fully  adult 
specimen,  the  sternal  extremities  being  cartilaginous  and  joined  to  the 
free  termination  of  a  broad  cartilaginous  spatulate  manubrium  stemi. 
In  a  skeleton  in  the  British  Museum  the  broad  bifurcate  acromion  ib 
not  preserved  on  either  scapula:  and  they  do  not  seem  to  have  been 
broken  offl  In  the  specimen  above  described,  this  big  acromion  is 
present  on  both  sides,  but,  pecuL'ar  to  relate,  it  ifi  m  each  only  joined 
to  the  main  part  of  the  spine  of  the  scapula  by  a  fibro-cartilaginous 
ligament*  and  no  crepitus  la  felt  on  moving  the  one  part  on  the  other. 
If  this  condition  is  not  the  result  of  injury,  which  it  does  not  seem  to 
be,  it  is  very  ahnormaL 

The  peculiarities  of  the  skull  make  me  inclined  to  place  Aulacoduf 
nearest  to  Lagostofiitig  and  the  American  Porcupines,  the  former  of 
which  it  very  closely  resembles  in  the  arrangement  of  the  Eygomatio 
arch  and  palate,  though  the  teeth  present  considerable  difference* 
The  CEecum  of  L^igodomit^  appears  to  be  in  many  respects  similar; 
but  the  liver  is  less  complicated,  possessing  no  cystic  notch  or  fossa. 


THE  ANATOTilT  OF  THE  COLUMB^* 


229 


35,  ON  SOME  POINTS  IN  THE  ANATOMY  OF  THE 

In  the  present  communication  ib  is  not  my  intention  to  describe  in  Page  249. 
detail  the  anatomy  of  any  single  kind  of  Pigeon,  because  that  can  be, 
most  of  it,  learnt  from  the  dissection  of  any  common  species :  but, 
from  the  opportunities  which  are  presented  to  me  in  the  performance 
of  mj  prosectorlal  duties,  it  will  be  my  endeavour  to  point  out  those 
peculiarities  which  I  have  been  able  to  recognize  in  the  soft  parts  of 
the  large  number  of  generic  forma  of  the  Columbse  that  have  passed 
through  my  hande.  It  is  my  hope  that  those  naturalists  who  have 
opportunities  of  examining  genera  and  specits  which  it  has  not  been 
my  good  fortune  to  obtain,  will  record  their  observations,  not  omitting 
those  points  on  which  I  shall  endeavour  to  lay  stress  on  the  present 
occasion. 

That  there  is  not  a  perfect  constancy  in  the  pterylosis  and  visceral 
anatomy  of  the  Pigeons  has  been  knowTi  for  some  time.  Nitzsch,  in 
bia  work  on  Pterylography,  incidentally  mentions  that  in  the  genus 
Ooura  there  are  no  cteca  to  the  intestine,  and  that  the  gall-bladder 
is  absent.  The  same  facts  are  noted  by  Huntcr.f  The  former 
Datttralist  also  refers  to  the  absence  of  the  oil* gland  in  the  same 
genns.  Prof.  Owen  saysj  that  the  gall-bladder  is  constantly  defi- 
cient— a  statement  which,  as  will  be  seen  further  on,  requires  some 
qualification.  The  fact  that  all  the  European  species  of  Doves  belong 
to  the  genera  Columba,  Ttiriiii\  and  ricrocles  has  caused  zoologists  to 
estimate  the  charactei-s  of  the  whole  suborder  more  from  these  than 
from  tlie  much  larger  number  found  in  extra- European  countries; 
and  the  results  an'ived  at  from  a  more  extended  study  tend  consider- 
ably to  modify  the  prevailing  impression  as  to  the  constancy  of 
certain  clmracter«. 

The  differences  observable  in  the  following  Btructurea  have  engaged 
my  attention : — 

1.  The  number  of  rectrices, 

2.  The  presence  or  absence  of  the  oiI-gland>  which  is  never  other- 
IJse  than  nude. 

3.  The  presence  or  absence  of  caaca  to  the  intestine^  which  in  no 


*  "  Proocedmgfl  of  tbe  Zoological  Society,"  1874>  pp.  249-59. 
1874. 

t  *'  £si«jB  and  Obflerrations,"  vol  ii.  p.  291. 
t  *^  ADiitonij  of  A'crlobratcB,*'  voL  ii  p,  177, 
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genera,   except  in  Pterocles  and  Syrrhaptes,  exceed  half  an  inch  in 
length. 

4.  The  presence  or  absence  of  the  ambiens  mnscle,  which  does  not 
seem  as  jet  to  have  engaged  the  attention  of  naturalists,  so  far  as 
this  suborder  of  birds  is  concerned. 

I.  The  number  of  iaU-fecUhers  in  the  different  genera  of  the 
GolumbaB. 

Nitzsch  divides  the  Pigeons  into  those  with  12  and  those  with 
Page  260. 16  rectrices,  and  does  not  refer  to  any  other  numbers.  Different 
authors  have  recorded  the  number  of  tail-feathers  in  some  of  the 
genera.  Twelve,  fourteen,  sixteen,  and  twenty  are  the  numbers  which 
I  have  been  able  to  find  in  the  different  species  which  I  have  been 
able  to  examine,  though  in  Calosnas  one  specimen  had  only  ten 
rectrices  in  the  perfect  tail,  whilst  most  have  twelve.  Inspection  of 
the  following  list  will  show  that  in  some  of  the  genera  there  are 
peculiarities  in  the  number  of  the  tail-feathers  which  indicate  differ- 
ence of  more  than  specific  importance ;  for  instance,  in  Carpophaga 
fourteen  is  the  typical  number  of  the  rectrices,  but  C.  novce-zeaUmdice 
differs  from  all  its  congeners  in  possessing  only  twelve : — 

Number  of 
Name  of  genus  and  species.  rectrices. 

Calosfias  nicobarica 12 

ChcUcopelia  puella   12 

Chalcojihaps  chrysochlora    12 

Chamcepelia  talpacoti 12 

Columba  (all  the  species  examined) 12 

Ectopisies  migraturius 12 

Leptoptila  jamaicensis    12 

Lopholcemus  antarcticas 12 

Macropygia  phasianella 12 

Mctriopelia  melanoptera 12 

Starnosvas  cyanocephala 12 

Turtur  (all  the  species  examined) 12 

Tywpariistria  bicolor 12 

Ztniaida  niartinicana    12 

Carpophaga   (all  species  examined*  except  C. 

novoi-zealandia')   14 

Didujiculus  strigirostris 14 

Geopelia  (all  species  examined;    14 

Lcucosarcia  picata    14 


•  lucluding  C.  npUorrhoay  of  which  I  examincHl  several  examples. 
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Number  of 
Name  of  genus  and  species.  rectrices. 

Ocyphnps  lophotes    14 

Phlogcenas  cruerUcUa    14 

crinigera 14 

Ptilopus  (all  species  examined  except  one  spe- 
cimen in  Brit.  Mas.,  marked  P.  occipitalia  ?  , 

with  16)   14 

Treron  (all  species  examined)   14 

Zenaidura  marginata 14 

Qoura  coronata 16 

victorice    16 

Phaps  chalcoptera    16 

Pterocles  alchata 16 

arenarius 16 

Ottdtphaps  nohilU   20 

It  will  be  observed,  as  has  been  remarked  bj  Prof.  Baird,  that, 
with  the  exception  of  Zenaidura,  all  the  North  American  ColumbcB 
possess  12  rectrices. 

II.  The  presence  or  absence  of  the  oiUgland  in  the  genera  of  the         Page  251. 
Golumbfld. 

The  oil-gland  is  present  in  most  of  the  Pigeons ;  it  is  very  small 
in  the  genus  Ptilopus,  It  need  hardly  be  remarked  that,  when  pre- 
sent, it  is  never  tufted. 

The  oil-gland  is  present  in  all  the  specimens  examined  by  me  of 

Calcenas,  Metriopelia, 

Carpophaga,  Ocyphaps, 

Chalcopelia,  Phaps, 

ChalcopJiaps,  Phlogcenas, 

Chamcepelia,  Ptilopus  (?  in  P.  melatW' 
Columba,  cephalus), 

Ectopistes,  Pterocles, 

Oeopelia,  Turtur, 

Leptoptila,  Tympanistria, 

Leucosarcia,  Zenaida, 

Lopholcemus,  Zenaidura, 
Macropygia, 

The  oil-gland  is  absent  in  all  my  specimens  of 

Didiinculus,  Stamosnas, 

Goura,  Treron. 
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III.  The  presence  or  absence  of  cceca  to  the  intestine  in  the  genera 
of  the  Colnmbae. 

My  dissections  lead  to  the  restJt  that  the  intestinal  csBca  are 
absent  in  more  genera  of  Pigeons  than  thej  are  present  in,  being 
found  in  only  7  ont  of  26.  When  present  they  never  exceed  a  quarter 
of  an  inch  in  length  (except  in  the  Pteroclidae),  and  are  frequently 
not  half  that  size.  In  Twrtur  they  are  generally  shorter  than  in 
Columha, 

CaBca  are  present  in 

Colvmiba^  Pier  odes, 

Ectopistesy  Stamoen/is, 

Ma>cropy(fia,  Turttir. 
Phlogoefia^f 


C»ca  are  absent  in 
Caloma^f 
Carpophaga, 
ChaleopeliUf 
Chalcophaps, 
Chamoepelia, 
Didunculiis, 
Oeopelia, 
Ooura, 
Leptoptila, 
Leticosarcia, 


LophoUemuSy 

MetriopeliOy 

Ocyphaps, 

Phaps, 

Ptilopus, 

Treron, 

Tympanistriaj 

Zenaida, 

Zenaidura. 


Page  252.       IV.   The  presence  or  absence  of  the  amhiens  muscle  in  the  genera  of 

the  Columbro. 

This  muscle,  of  which  the  slender  tendon  runs  in  such  a  peculiar 
manner  obliquely  across  the  knee,  arising  from  the  supero-anterior 
margin  of  the  acetabulum,  and  inserted  into  the  muscular  fibres  of 
the  flexor  perforatus  of  the  toes,  is  found  in  the  greater  number  of  the 
Pigeons  I  have  examined,  being  present  in  about  three  fourths  of  the 
genera. 

The  ambiens  muscle  is  present  in 

CaloenaSj  LeptoptiJa, 

Carpophaga,  Leiu^osarciuy 

Chalcopelia,  Lophohvm  us, 

Chalcophaps,  Macropygia, 

Chamcppeliay  Metriopelia, 

Columha,  Ocyphaps, 

Bidunculus,  Phaps, 

Ectopistcs,  Ptcroch'Sy 
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Tympanutria^ 
The  ambiens  muscle  is  absent  in 

Fhlogtjenajf^ 


Zenatda, 

Zenaulura. 


Pitlopus, 

StarTKEnas, 

Treron. 


The  combination  of  the  above- collected  facta  ought  to  be  of  con- 
siderable service  in  any  attempts  at  clasaifi cation ;  for,  leaving  the 
number  of  re c trices  out  of  the  question  for  the  minute,  of  the  eight 
possible  variations  of  the  three  remaining  characters,  ther©  are  seven 
which  are  found  to  exist ;  in  other  words  there  are  Pigeons  known^^ 

(1)  With  an  oil-gland,  ca^ca,  and  an  amhiens  rausclej  viz.  Cohimha, 
Ectopisti%  Macropijfjiu^  Fterodes^  and  Turtur, 

(2)  With  an  oil-gland,  no  ceeca^  and  an  ambiens  muscle,  vis, 
Calo^tus,  CarpoplMifttf  Chalcopclia^  ChalcophapSf  ChamiPpeliay  Lepto' 
ptilUf  Leucomrciaj  Lophokemns,  Metrtopetia^  OcyphapSy  Pftapg^  Tyjupa' 
mstria^  Z&natdat  and  Zenatdura. 

(3)  With  no  oil-gland,  no  caoca,  and  an  ambiens  muscle,  viz.  Di- 
dunculuit. 

(4)  With  an  oil-gland,  cffica^  and  no  ambiens  muscle,  viz.  Fhlo' 

(5)  With  no  oil-gland,  cseca^  and  no  ambiena  muscle,  viz.  Star* 

(6)  With  an  oil-gland,  no  capca,  and  no  ambiens  muflcle,  viz, 
QeopeHa,  Ftilopns. 

(7)  With  no  oil-gland,  no  cseca,  and  no  ambiens  muscle,  viz. 
Treront  Ooura. 

The  only  combination  not  found  be  Lag  that  (8)  in  which,  of  the 
three  structures  concerned,  the  oil-gland  only  ia  wanting. 

The  relative  value  of  these  diHereut  structural  peculiarities  ia  the 
point  on  which  their  value  in  classification  evidently  hinges.     The 
number  of  rectrices  being  the  most  variable  of  them,  it^  importance 
ia  moat  probably  the  least.     Ne:^t,  with  regard  to  the  oil-gland,  it  is  Page  253. 
evident  that  genera  »uch  aa  Tteroa  and  Ptllopus  are  not  very  far  sepa- 

[  rated,  notwithstanding  that  there  are  important  differences  between 
them  ;  yet  the  former  wants  the  oil-gland  and  the  latter  possesses  it, 
though  bat  feebly  developed  in  P.  jambn  and  P.  marup^  and  absent 
(apparently)  in  P.  indanocephiihis.  It  is  also  known  that  among  the 
Paittaci  this  structure  may  or  may  not  be  developed.  These  considera- 

'  tiona  lead  me  to  think  that  less  stress  should  bo  laid  on  the  oil-gland 
than  on  the  two  following  characters. 

The  constancy  of  the  caeca,  as  a  point  of  more  than  family  import- 
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anca  in  all  other  birdsp  would  lead  me  to  eooaider  thetr  presence  or 
absence  as  more  significant  than  that  of  the  oil-gland. 

In  mj  last  communication  to  this  Society*  I  gave  reasona  to  show 
that  the  presence  or  absence  of  the  ambieus  musele  was  a  very  signi- 
ficant fact  in  the  claaaification  of  birds  generally.  This  would  lead  me 
to  lay  cotisidcrable  stress  on  tbo  aamo  point  in  any  order  or  s  a  border 
in  which  it  is  found  to  vary. 

Assuming  then,  as  in  my  last  paper»  for  reasons  there  stated,  that 
the  ancestral  Pigeon  possessed  the  ambieus  m^uscle,  and,  on  the  same 
grounds,  that  it  had  caoca  coli  and  an  oil-gland,  it  is  evident  that  the 
Pteroclidtej  together  with  Ooluniba,  Turturt  Macrtjptftjm^  and  EctopUt^es 
have  departed  least  from  the  ancestral  type.  The  Fteroclidffl  have 
branched  off  in  another  direction,  as  will  be  subsequently  shown ;  aud 
therefore  Cohimbaf  TtiHur^  Edopktes^  and  Macropifgia  (together  with 
those  undissected  genera  unmistakably  allied  to  them)  may  be  con- 
sidered to  be  the  least  modified,  and  therefore  most  typical  of  tbo 
Columba3. 

From  these,  if  the  peculiarities  of  the  ambiens  muscle  have  the 
importance  which  I  assign  them,  a  branch  sprang,  in  which  the 
ambieus  was  undeveloped.  This  includes  at  the  present  day  Star* 
HOBniu^  Phlogijemis^  Geopelia,  Plilopus^  Trei'mi^  and  Goura^  most  of  wkich 
possess  14  rectrices,  and  are  confined  to  the  Malay  archipelago.  This 
Treronine  division,  as  it  may  be  termed,  seems  to  be  preserved  in  its 
primitive  form  in  Pkhgwiias^  in  which  no  farther  strnctures  are  lost. 
StarnoifULs,  which»  not  with  standing  its  peculiar  distribution,  mnst  be 
considered  as  a  member  of  it,  loses  the  oil-gland,  and  Oeopdia^  as 
well  as  Ptilopust  the  coeca,  whilst  Trenm  and  Goura  are  deficient  in  both. 

The  main  stem  seems  to  liave  shortly  given  off  a  second  branch, 
in  which  the  aeca  coli  were  alone  wanting.  This  Phapine  branch  ia 
now  represented,  without  further  complication,  by  CaliBnoi^  CarpiH 
phaga^  Chalcopeiia,  CkakopfmpSt  Chaini^pdia,  Leptoptila^  Leucosarda^ 
Mttnopelui^  Ocijphaps,  Pkapit^  TijmpanMna^  and  Zenaida ;  whilst  from 
it  has  sprung  Dtdniicnlns^  without  any  oil-gland  and  with  it«  quaint 
beak  and  remarkably  long  intestinal  canal,  which  would  indicate  that 
its  diet  was  usually  one  of  fish,  or  more  probably  mollusca.t 

Respecting  Litpholtjemm,  it  may  be  meaitioned  that  the  only  oppor- 
tunity I  have  had  of  dissecting  it  has  been  through  the  kindness  of 
Mr,  Edward  Gerrard,  who  lent  me  two  specimens,  not  well  preserved, 
in  spirit.^     ^  these  I  could  not  find  the  least  trace  of  the  accessory 


•  *»  Prooeedings  of  ihd  Zoological  Bodetj,*'  1874,  p.  111.     (Suprd,  p.  208.) 

t  It  is  through  the  kin dneas  of  Prof.  Newtou  that  I  hare  had  the  opportunity 

of  diftecting  »  eipecimen  of  thl»  raro  bird« 

X  An  odditiynid  speoimeti  hm  come  into  my  huudi  tinoe  the  above  wna  wntl«fi, 

by  which  the  tuvumcy  of  my  prerioui  dii«ootiotu  of  the  tp^eiet  u  oonfipmad.    Ho 


THE  ANATOMY  OP  THE  COLUMBiE.  235 

femoro-candal  muscle,  which  is  well  developed  in  all  other  Pigeons. 
This  pecnliaritj,  when  taken  in  connection  with  the  fact  that,  like 
Carpophaga  only  amongst  the  Phapin89,  it  possesses  a  gall-bladder, 
makes  me  disposed  to  make  it  an  independent  minor  branch  from  the 
Carpophagine  stem. 

Most  ornithologists  seem  to  be  very  nnwilling  to  place  the  Ptero- 
clid»  along  with  the  tme  Pigeons  in  a  single  group,  notwithstanding 
the  evidence  brought  forward  bj  Nitzsch,  and  the  statement  of 
M.  Blanchard.  My  own  observations  tend  to  show  that  the  two 
families  are  most  intimately  related,  and  that  they  must  be  most 
certainly  included  in  the  same  sa border,  though  forming  two  quite 
independent  families. 

Commencing  with  the  osteological  evidence  on  this  point,  which 
has  been  very  fully  discussed  by  Mr.  Parker  and  Prof.  Huxley,  the 
skull  presents  strong  Columbine  features.  The  pterygoid  bones  are 
peculiarly  curved,  in  a  manner  seen  nowhere  else  but  among  the 
Pigeons ;  and  as  in  them,  and  not  in  the  Fowls,  the  basipterygoid 
facets  are  situated  midway  between  their  two  extremities.  The  nasal 
bones  are,  no  doubt,  peculiar ;  they  are  not  at  all  typically  schizo- 
rhinal,  but  present  the  extreme  degree  of  modification  of  that  type^, 
probably  the  result  of  the  shortness  and  breadth  of  the  beak.  There 
is,  however,  a  nasal  turbinal  bone,  partly  occluding  the  osseous 
external  nares,  as  in  the  Pigeons,  whilst  the  premaxillary  process  of 
the  nasal  bone  is  also  of  considerable  length.  The  palatine  bones 
are  perfectly  Columbine  in  some  species  (e.g.  Pterocles  arenarius)^ 
and  are  not  much  modified  in  others,  never  so  much  so  as  are  those 
of  Bidunculus,  In  the  lower  jaw  there  is  no  produced  and  upturned 
angle,  like  that  in  the  Gallinee.  The  cranial  articular  end  of  the 
quadrate  bone  is  also  strongly  bifurcate.  The  whole  skull  seems  to  be 
that  of  a  Pigeon  modified  by  the  effects  of  a  Grouse- like  life. 

The  furcula  has  no  median  symphysial  plate  or  hypocleidium. 
The  sternum  is  perfectly  Columbine,  the  similarity  extending  to  the 
direction  taken  by  the  costal  processes  and  the  non-development  of 
any  true  manubrial  rostrum,  in  both  which  points  the  Gallinad  are  so 
different. 

The  head  of  the  humerus  presents  an  important  character.  From 
any  number  of  birds*  humeri  those  of  the  Columbeo  may  be  identified, 
if  those  of  the  Psittaci  are  excluded,  because  the  pectoral  lamina  or 
the  ridge  for  the  insertion  of  the  great  pectoral  muscle  is  peculiar.  In 
most  birds  the  second  pectoral  muscle  is  inserted  into  the  proximal  Page  23& 


accessory  femoro-caiidal  was  present ;  there  were  no  cseca  coli ;  there  was  a  large 
elongated  gall-bladder  and  a  small  oil-gland.  The  gizzard  was  rcmarkablj  small, 
with  irregular  pads,  one  uf  whicli  somewhat  resembled  that  of  PtUopus. 
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end  of  this  ridge,  or  into  a  prolongation  of  it.  In  the  Colambe?, 
Paittaci,  and  AlcidsB  this  Is  not  the  case ;  for  in  them  it  haa  qnite  an 
independent  place  of  insertion  into  the  general  snrface  of  the  head 
of  the  bone  at  some  distance  from  the  pectoral  ridge.  An  oval 
roughness  indicates  the  spot.  It  is  at  the  angle  formed  bj  the 
pectoral  ridge  and  the  main  part  of  the  bone  in  the  Gal  lime,  but 
nearer  the  other  side  of  the  bc*ne  in  the  Colambee-  A  glance  at  the 
bone  itself  or  the  accompanying  drawing  of  it  (Eg.  1)  will  explain 
the   point    more    than  any  amount  of  description.      It   will  also  be 

Fig.  L 


Hertdfl  4)f  right  humeruB  of: — a.  PtarodeM  arem$r%u» ;  6.  Qall^i  huiiki^a; 
c,  Columha  litia. 


foand  that  the  pectoral  ridge  in  the  Colnmb®  and  some  of  the  Psit- 
tacL  ends  proxinmlly  in  a  point,  peculiar  to  them.  The  Pteroclid 
agree  exactly  with  the  Piget>n8  in  all  these  points,  and  differ  widell 
from  all  the  Gallina?. 

In  all  important  features  the  pelvis  of  the  Pteroclidte  differs  with 
the  Colurabae  from  the  Gallinse,  as  in  liaving  no  strongly  marked 
fossa  on  the  inner  snrface  of  the  ischium  ;  but  in  the  slight  deve- 
lopment of  the  transverse  processes  of  some  of  the  sacral  vertebrae  it 
is  peculiar. 

TLe  general  proportions  of  the  muscles  in  the  Pteroolidie  are  per- 
fectly Columbine.  The  pectoral  muscles  are  similarly  disposed,  and 
the  crop  rests  on  the  proximal  surface  of  the  great  pectoral  in  ih  , 
similar  manner.  In  the  leg  the  same  resemblance  maintains.  Amoc 
muscles  the  amhiens,  the  femoro-caudal  (A),  the  accessory  femor 
Ciiudal  (B),  the  semi  ten  dinosus  (Xj,  and  the  accessory  semi  tend!  no 
(Y)  are  all  present  in  Columbie  and  in  Gallinm,  ivhich  prevents  any 
difference  in  myological  formula*  from  assisting  in  distingniahing 
them.      In   the   obturator    intemus    muscle    a  w^eU-marked  contract 


•  Sm  "  Prooeedijigi  of  the  Zoolpgicikl  Society,"  187*.  p-  IIL     {Suprii,  p.  208.) 
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between  the  Pigeons  and  Fowls  is  observed,  which  also  shows  that 
Pterocles  is  one  of  the  former.  In  Columha  and  the  whole  suborder 
this  muscle  is  small,  narrow,  and  elliptical ;  but  in  Oallus  and  all  its 
allies  it  is  triangular  and  very  large  at  its  base.  The  similar  number  Pag«  256. 
of  carotid  arteries  in  the  ColumbideD,  PteroclideD,  and  GkllineD  pre- 
vents any  inference  being  drawn  from  them ;  and  the  same  may  be 
said  of  the  oesophageal  crop. 

In  the  c8Bca  of  the  intestine  in  the  Pteroclidaa  there  is,  no  doubt, 
a  strong  likeness  to  the  GallineD;  for  whilst,  as  above  shown,  they 
are  very  short  or  absent  in  the  Columbea,  they  are  voluminous  and 
long  in  the  Sand-Grouse  and  Fowls,  being  in  the  former  between 
4  and  5  inches  from  end  to  end.  As  in  all  the  Gallinsd  and  some 
ColumbaB  (Garpophaga  and  Ptiloptis),  the  Pteroclidaa  possess  a  gall- 
bladder. 

The  following  Table  gives  the  length  of  the  intestine,  from  the 
gizzard  to  the  cloaca,  in  the  species  named.  The  most  peculiar  point 
to  be  noticed  is  its  excessive  length  in  Bidunculua : — 

Length  of 

Name  of  bird.  intestine. 

ft.  in. 

Carpophaga  sp,  inc.* 1  10 

cenea 1     6 

Chalcopelia  chalcospilos 1     6 

Ghalcophaps  chrysochlora 1     8^ 

Columha  inacvloaa 2     8 

Didunculus  strigirostrU 7     0 

Ectopistes  migratorius    2     6 

Qeopelia  cuneata 0     8^ 

humilis 1     6 

placida 1     1 

striata    0  \\\ 

Goura  coronata 6     1 

victoricB 4    0 

Lopholcemus  antarcticus 1     4^- 

Macropygia  phusianella 2     8 

Metriopelia  melanoptera    2     0 

Ocyphaps  lophotes 2     3 

Phaps  chalayptera 2     6 

Pterocles  alchatn     1     6 

arenarius    2     1 

Ptilopxt^  jambu 1     0 

•  [Called,  probably  by  mistake,  C.  aurora  in  the  original.  Cf.  SalTadori, 
"  Monografia  del  Sottogenere  Olobicera"  p.  16.     Turin,  1878.    En.] 
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Length  of 
Namo  of  bird.  iotestine. 

ft,   in. 

Pill  opus  mar%<e 0  11 

TinelanncefhaliLs ,  .  ,  , 0     0 

Starnfmas  cyanocephala    , , * 2  10 

Trerxm  calva 2     4J^ 

Tnrtnr  aldahranwi 1     8 

ekinensis 1     6 

Zenaida  martinicana 1  11 

Zenmdura  caroUnensis 2     0 

In  nearly  all  Pigeons  tlie  gizzard  is  well-developed  after  the  ordi- 
nary type  J  in  some  the  pad  on  which  the  food  ifl  triturated  is 
longitudinally  grooved  or  plicated,  whilst  in  others  itisamooth;  its 
Tiige  257.  ossification  in  the  Nicobar  Pigeon  (f*al(Fnas  nicoharica)  has  already 
attracted  att-ention.*  In  Carpojjhaga  the  atomach  is  very  feebly 
muscular,  not  being  more  powerful  than  in  strictly  fruit- eating  birds^ 
fiuch  as  the  Hombilla.  It  is  in  the  genus  Ptilopus  that  a  form  of 
gizzard  is  developed  tiich  cu  is  not  fimnd  in  any  other  bird.  In 
P.  inarifT^  P.  mela*ioce}>hnIuSf  and  P.  jamhu  it  is  exactly  the  same, 
being  composed  of  four  pads  instead  of  two.  A  horizontal  section  of 
an  ordinary  gizzard  presents  the  well-known  section  represented  in 
fig.  2,  h^  it  being  composed  of  two  muscular  masses,  which  push  the 
two  pads  together  in  a  manner  which  I  have  explained  elsewhere.t 
But  in  Ptilopus  the  section  is  much  more  elaborate,  in  a  direction  to 
which  no  other  gizzard  is  known  to  approach ;  ao  that  by  the  gissard 
alone  the  genus  whence  it  came  could  be  determined  with  certainty. 
The  accompanying  figure  (a)  represents  the  section  made  exactly  in 


Fig.  2. 


h 


Homontal  section  of  i\w  giimrU  of  :— «.  Pt it onopu§  jamhu  ;  h.  Trtftom  ra/t^. 


•  8<^  Prof.  Flower's  oWnmtiim*,  "Prooeedingi  of  the  ZoologioU  6ocic4v/ 
I860,  p.  333,  and  Mr.  Bftrtlerfs  not^*,  lA.  p.  99. 

t  "  Proceedings  of  the  Zoological  Societj/'  1872,  p*  526,     (Svprd,  p.  105  ) 
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tlie  same  direction  as  in  the  former  case ;  and  from  it  the  four  longt- 
tudinal  mnscnlar  masses,  which  are  here  seen  cat  across,  are  well 
displayed,  leaving  a  cruciform  cavity  between  them,  through  which 
the  food  passes  whilst  bein^  trituratefi.  This  gizzard  is  small  in 
proportion  to  the  size  of  the  bird.  No  approach  to  a  like  condition  is 
to  b©  observed  in  Trero%  the  section  of  the  gizzard  in  that  genus  being 
quite  of  the  ordinary  form  figured  above. 

It  is  generally  said  that  the  gall-bladder  is  absent  in  the  Colnmbie  ; 
and  this  is  so  in  most  of  them ;  but  besides  being  developed  in  the 
Pteroclidfe,  it  is  found  in  all  the  species  of  Ptihpus^  LophohiemuR^  and 
Carpophaga.     In  this  point  also  Ptilnpiig  therefore  differs  from  Treroit, 

The  following  Table  contains  the  names  of  the  different  genera  of 
the  Columbse  arranged  in  the  manner  snggeftted  above.  As  a  classi- 
fication of  the  suborder  it  is  not  at  all  my  desire  to  put  it  forward  as 
an  nltiraate  one,  but  simply  as  the  expression  of  the  known  facts  of 
their  structure.  A  more  extended  series  of  observations  may  indicate  Pag©  258. 
reasons  for  modifying  the  stress  laid  on  some  of  the  pointa ;  but  it 
cannot,  if  my  dissections  are  correct^  change  the  facts  themselves. 
As  an  instance  of  the  direction  in  whicli  aItei*ations  may  be  shown  to 
be  required,  the  case  of  the  relation  of  Pfilopus  and  Treron  may  be 
taken;  for,  notwithstanding  their  general  similarity  in  structure,  these 
two  genera  present  important  points  of  difference.  In  the  possession 
of  a  gall-bladder  by  the  former^  it  resembles  Carpophatja;  and  it  is 
quit€  possible  that  the  similarity  of  the  two  genera  under  consider- 
ation is  the  result  of  similarity  in  habit  only,  and  that  whilst  the 
latter  {Trero7i)  sprang  from  the  Treronine  stem  dii'ect,  the  former 
{Fiilopu»}  may  have  descended  from  the  Phapine  stock*  This  appear- 
ance of  the  gall-blEhdder  in  these  genera  ia  very  difficult  to  ei:plain, 
except  on  the  supposition  that  in  those  in  which  it  is  absent  it  has 
been  lost  very  lately,  or  that  Carpophafja  and  Pfilopus  are  very 
intimately  related  forms.  The  uncertainty  of  its  appearance  in  closely 
related  gcnei-a  of  llammalia  reduces  its  value  as  a  character  of  classi- 
ficational  importance  amcmg  them ;  but  its  very  general  absence  in  the 
Columbae  makes  it  almost  impossible  not  to  lay  considerable  stress,  in 
classification,  on  its  presence.  In  tbe  accompanying  Table  Pttlopfift 
ifl  placed  in  the  same  division  with  Treron  because  of  their  similarity 
in  the  points  there  laid  stress  on ;  but  it  requires  a  very  inconsiderable 
amount  more  evidence  to  necessitate  its  being  removed  from  there 
into  close  proximity  with  Catpophaga  and  Lophol(F^mus,  The  fact  that 
two  forms  in  many  respects  so  similar  should  differ  so  much  in  others 
is  of  itself  a  strong  argument  in  favour  of  their  sepamtion ;  for  ihe 
probability  that  forces  which  tend  to  produce  marked  external  re- 
semblances should  gimnltaneonsly  develop  internal  differences  is,  to 
say  the  least,  extremely  small. 
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Suborder  GOLIJMB^.  Schizorhinal  birds  with  a  charactenstio 
pterylosis,  hnnierus-head,  and  sternum ;  with  the  fourth  gluteal 
muscle,  which  in  other  schizorhinal  birds  covers  the  femur-head, 
undeveloped ;  with  the  oil-gland  nude,  when  present,  and  with 
the  gall-bladder  generally  absent. 

Family  Golumbidje.     ColumbaB  in  which  the  intestinal  csBca  never 
exceed  half  an  inch  in  length. 

Sub&milj  Columbine.  Columbidsd  possessing  the  ambiens 
muscle,  intestinal  c8Bca,  an  oil-gland,  no  gall-bladder,  and 
12  rectrices. 

Gbnus  Columba, 
„       Turtur. 
„       Macropygm, 
„       Ectopistes. 

Subfamily  PHAPiNiE.     Columbidsd  possessing  the*  ambiens  muscle 
and  no  intestinal  csBca. 

Page  269.  Division  a.    The  oil-gland  present,  no  gall-bladder. 

Genus  Ohamcp/pelia.    ^ 

„       Metriopelia.  . 

^       .J  ?-  American. 

„       Zenaida,  | 

„  Zenaidura,       J 

„  Calosnas. 

„  Chalcopelia. 

„  Tympanistrla. 

„  Ocyphaps. 

,,  Leucosarcia, 

„  Phaps. 

Division  p.     The  oil-gland  and  gall-bladder  present. 
Genus  Carpophaga. 

Division  7.      The   accessory  femoro-caudal  muscle  absent  (it 
being  present  in  all  other  Colurabae)  ;  the  oil-gland  and 
gall-bladder  present. 
Genus  Lopholrpmus. 

Division  ^.     The  oil-gland  and  gall-bladder  absent. 
Genus  Didunculus. 

Subfamily  TRERONrN.f:.     Columbidro  wanting  the  ambiens  muscle. 

Division  a.     With  intestinal  cnpca  and  an  oil-gland;  no  gall- 
bladder. 

Genus  Phloijcrnafi. 


-  Old- World. 
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DiviBioB  ft.     With  intestinal  coeca,  no  gall-bladder,  and  no  oil- 
gland. 
Genns  StanuBims, 

Division  7.     With  an  oil-gland,  no  gall-bladder,  and  no  intes- 
tinal  ctBca. 
Genus  Oeopelui. 

Division  S,     With  no  intestinal  csBoa,  no  oil-gland  (or  a  very 
small  one),  and  scntellated  tarsi. 
Genus  Trerofi. 
,,       PHlopus, 

Division  e.      With  no  intestinal  cfBca,  no  oil-gland,  no  gall* 
bladder,  and  tarsi  reticulate. 
Genns  Ooura. 

Family  Ptekoclidj;.     Columbee  in  which  the  intestinal  caeca  con- 
siderably exceed  half  an  inch  iu  length. 

Subfamily    Ptehoclin.«.       Pteroclidto    possessing    the    ambiens 
muscle,  a  gall-bladder,  and  an  oil-gland* 
Genna  Plerochs, 
,,        St/rrhaptes, 


36,  NOTES  ON  TWO  PIGEONS,  lANTIKENAS  LEUCO- 
L^MA  AND  ERYrHR(ENAS  PULCHERRIMA^ 

Since   my  communication   to  the  Society  **  On  some  Points  in  the  Page  367. 
Anatomy  of  the  Columhm^^^*  specimens  of  two  species  of  this  group 
have  died  in  the  Gardens,  which  deserve  a  passing  note. 

lanthmnm  lencola'ma.-^T\i%  genns  to  which  this  bird  belongs  has 

been,  by  different  authors^  placed  sometimes  in  the  Columbine  and  at 

r  others  in  the  Carpophagino  section  of  the  family — the  nnmber  of  the 

rectrices  (12,  and  not  14)  having  made  its  position  uncertain^  as  its 

general  appearance  tends  to  that  of  the  Fmit-eaters. 

From  the  paper  above  referred  to,  the  definition  of  the  Columbinae,  Page  368. 
containing  the  genus  Columha^  may  be  thus  stated  :  — 

Columbinj:.     Columbidno  possessing  an  ambiens  muscle,  intestinal 
cteca,  an  oil-gland,  12  rectrices,  and  no  gall-bladder. 


•  "  Proceedings  of  the  Zoological  fiodety;*  1875,  pp.  367.  8.     Rend,  May  4, 
1875. 

t  **  Prooeedingt  of  the  Zoologiail  Society,"  1874,  p.  240  fff  Meqq. 
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Whereas   Oarpophaga  pos&eBses  the  ambiena  muscle,  an  oil -gland, 
gall-bladder,  and  no  intestinal  coDca. 

In  lanth^mas  leuC'Olwma  the  ambiena  mnscle  and  the  oil-gland  are 
present,  as  are  the  intestinal  cfeca.*  The  gall-bladder  is  absent.  This 
bird  must  therefore,  together  with  Columha^  Turtur,  Macrc/inj^ia,  and] 
Echputes^  be  placed  in  the  Coltimbine  and  not  in  the  Carpopha* 
gine  division.  The  intestines  are  47  inches  in  length,  of  average 
diameter ;  and  the  gizzard  is  typical  in  stmcture,  having  simple ' 
plicated  pads. 

EnjthrQ?nas  pulcherrima, — This  species  is  truly  Ptilopine  in  all 
its  characters.  As  in  Ptilopiufj  the  ambiena  muscle  is  TV'anting,  i 
are  the  cceca  to  the  intestine.  The  gall-bladder  is  present ;  and  the 
oil-gland  is  very  small.  The  gizaard  presents  the  peculiarities  of 
that  genua,  although  the  four  pads  are  not  so  regularly  constmcted, 
minor  plications  e^cis ting.  There  are  14rectrices;  and  the  intestines 
(which  are  capacious,  as  in  all  fruit- eating  birds)  are  16  inches  in 
length. 


37.  ON  THE  *^  SnOWING-OFF "   OF   THE  AUSTRALIAN 
BUSTARD  {EUPODOTIS  AUSTIULIS).^ 

Phgt?  -171*  WHETHiE  the  account  of  the  production  of  great  distention  of  the 
neck  in  the  male  Austmlian  Bustard  which  follows  will  in  any  way 
simplify  the  question  of  tho  presence  or  absence  of  a  gular  pouch  in 
Bustards  generally,  is  doubtful.  At  all  events  it  will  rectify  an  ac* 
oepted  error,  and  add  a  fresh  fact  to  the  considei^ble  literature  of  the 
subject. 

In  the  "  Proceedings  "  of  this  Society  for  1868  (p.  471  ei  ieq.), , 
Dr.  Murie  pictures  the  sexual  **  show  off  "  in  a  specimen  of  EupodctU 
australii  which  was  presented  to  the  Society  in  April  18dG,  by  the 
Acclimatimtion  Society  of  Sydney,  and  infers,  fi'om  its  appearanoo, 
that»  aa  an  undoubted  fact*  the  gular  pouch  is  present  in  this  specimen 
of  the  species  at  least- 

In  1873,  during  one  of  fche  months  in  which  it  was  **  showing  oflT/* 
namely  in  May,  I  examined  the  mouth  of  this  identical  bird  while 


*  These  arc  extnnnely  slender,  and  require  epecial  procAuUoui  to  be  tnkea  fof 
their  dc»fiioii»traiIoii- 

t  *' Proceedings  of  the  Zoologies  Buciety/*  1874,  pp.  471-3*  R««d,  June  10, 
1874. 
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alive,  and  conld  find  bo  trace  of  a  finblmgnal  orifice^  and,  wLafc  is 

more^  felt  and  saw  a  median  frfienum  lingTiti?  quite  distinctly.     Thia 

made  me  dotibt  the  correctnesa  of  Dr.  Murie^a  inference^  that,  because  Pago  472, 

the  neck  of  Eiipodoiis  mistniUs  becomes  distended  mncb  daring  the 

Bexnal  season,  therefore  there  is  a  gular  pouclf. 

This  individual  bird,  which  formed  the  subject  of  Dr.  Marie*9  plate 

(^*  Proceedings  of  the  Zoalog-ical  Society,"  1868,  pL  xxx.vi.),  died  on 

May  11,  1874,  having  shown  off  in  its  wonted  manner  during  the  few 

preceding  weeks*     An  excellent  opportunity  was  thus  afforded  for  the 

decision  of  the  question  whether  or  not  this  specimen  bad  a  gular 

pouch. 

Fig.  1.  Fig.  2. 


Fig.  1.  Tlie  CDSophagus,  tmohoa,  and  pilAr  pouoh  ot  a  spooimen  of  OUt  iarda^ 
teen  from  the  sidp.  Tlie  crop  h  her©  druwn  as  in  tlie  actual  preparation, 
projeetitig  IjinL^kward^,  tind  not  forwardB  ha  u&iml. 

Fig»  2.  Thtfi  ^supliaguA  and  tracheti  of  the  Bpecimen  of  J^upodotf^  aHittrali^  here 
deicnbed.  The  (i"8<^>phagii8  is  much  dilated,  and,  like  that  of  the  Pouter 
FigeoD|  can  be  distended  with  air  by  tho  lining  bird.  No  trace  of  a  poiich 
or  crop  IS  to  be?  *ecn. 

There  was  no  gular  pouch.  There  was  no  snblingual  orifice.  The 
fnenum  lingme  was  well  developed,  it  being  necessarily  quite  absent  in 
the  adult  male  of  Otis  tarda.  How  unsafe  therefore  is  it  to  infer  that, 
because  the  neck  distends  and  depends  during  the  **  show-off,"  there 


U4  OS  THE  ArgTlL%ll%X  Hr^IAMH- 

^  471.  T«rr  girilar  m  ifiCKanmee.  ia  cSose-jr  aZ]aeti  ic^iiL  sanr  lie  the 
<if  ^Stssreml  ratAM^saas^     la.  the  feel  -of  liie  C«niu«6?  ani  t&r  . 
^er  ficasttonji  azraccesaeBt  of  t^  toes  ist&keresaiJt  cf  oairefiTi 
dkpDsEtaiCJCA  c^  iLe  t«cjd»is  vLSfSt  laow  tbes ;  asd  sa  Ot»  far  it  aaad 

Is  hyih  ibeK:  bcrdb  il:i£7^  3&.  dssTZiz  ifae  &iiov-od[^  a  ^I'lrtflk^  viih 
air  <jf  a  veil  ^ii^ereE;t£as<fi  l»e.  viic^  is  zr  lc«2i  rannr  Ssied  wiik  a 
trae  nracicws  soeaixvoe.  B-a*  is  Cmt  's'Sria  t£d§  ac  s  a  ipecail  srae- 
tare  in  frcot  of  the  whiidpfpe.  cpecdse  csder  tae  tfosnaei  v^oki  m 
Empoi/JtU  a^uitr^U  (zn  tke  gperrmpa  imder  cdDadeirataoa  at  leHa).  it 
k  Kmp]  J  a  kigL}  J  diUted  obStr^hMs^s^ 

Thrrjji^  the  IdsAoEras  of  Lord  Lilfvv^  I  am  in  the  poaesBaoa  of  aa 
exeelleDt  Spaiiisfa  specmes  of  the  grlbr  p?Bdft  of  Oif^f  r«ri«  («e 
fig.  1.  p.  ^-i^^.  with  the  vhole  c4  the  oesophagTas,  the  nmne.  asd  part 
of  the  trachea  aUached.  In  it  the  g^ar  poach,  opecing  jaWlaaaillT. 
is  capacious,  and,  vhen  distended.  egg-«hapcd  «ith  no  ccostrictioa  in 
anj  part.  The  ceaophagns  is  nniforadj  criindiical  lor  its  apper 
two  thirds,  and  not  at  all  eiJargtd.  Lower  down  there  is  a  well- 
dereioped  gV>bBhir  crop. 

In  the  specimen  of  Evf^^dodit  amfiralii  which  died  on  Mar  11^  as 
prerionslj  mentioned,  there  is  no  trace  of  a  gnlar  poa^  The  ceao- 
phagns  is  enonnonslj  dihited  from  its  eommencemeni  (see  fig-  ^ 
p.  243).  and  gires  no  indication  whaterer  of  anj  diristaa  iaso  tahe 
and  cTGpp.  Its  greatest  circumference,  when  CsiHTinfiated.is  14  inches. 
and  the  let^b  cf  the  disteT-dc-i  rort::n  :f  the  t-t^  is  ITi  inches. 
Bef.-re  dLssection.  hj  f'ling  its  civitr  ^izh  ^t.  ihr  'rwrrpmic::  of 
the  dil'^ied  ct^opL^g^is  pro:r::i-E-i  d:"w-nwiris  ernsfderat'v  in  fr^ont  of 
tbe  '^^  ■;  'ivfi'  fur.'-,'  r.  and  formed  :be  de|>rni:iir  r^rri:::  of  the  sac 
which  was  so  consTc:::"^  :r.  the  living"  anima!.  The  trwhea  de- 
scended iVi  /V  »•:  of  this  sac  :  ani  when  the  latter  was  nniistenied,  the 
former,  on  aocxant  of  the  diminished  distance  b«etwee-  the  pcints  it 
had  to  reach,  was  zigzaezed  frC'in  side  to  s'  :e  in  the  par:  orjx>site  the 
pendant  j^-'jrtion.  The  keep-er.  J.  Chtirch.  tells  me  that,  when  haniling 
the  sac  in  the  living  bir-i,  he  alwavs  fel:  a  hard  ccrd  mnnin^  down  in 
front  of  it,  which  was  evident! v  the  windpipe.  The  dilated  aesopha^ns 
was,  as  might  have  been  expected,  covered  with  two  coats  of  mTiscti  Jir 
tissoe,  the  onter  longitudinal — and  the  inner  transver^-*.  The  mncous 
lining  presented  no  peculiarities.  The  skin  in  front  of  the  neck  was 
lax,  with  a  C'^'n.siderab'e  amount  of  coarse  fat  in  its  deeper  laver ;  it 
was  engorged  with  blood,  tortuous  vessels  runninir  through  it  in  all 
directions. 

I  mav  mention  as  an  anat^'mical  peculiarity  of  interest  tliat  E'tpy- 
tJotU  fniitrnliM  and  E.  ^hhh-i.ni  ^to^^-r^^  }>:it  one  carv;.tid  artery,  the  r\  jhf 
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— a  condition  I  hare  not  seen  in  anj  other  bird ;  Otis  tarda  and  0. 
htacqueenl  have  twOf  and  Tetraz  cfimpcHfris  tlio  hfi  only.  Most  firo- 
Imbly  the  presence  of  a  rig  lit  carotid  onlj  is  characteristic  of  the  genua 
Eupodidis. 


FURTHER  NOTE  ON  THE  MECHANISM  OP  THE 

^*  SHOW-OFF  "  IN  BUSTARDS.* 

It  is  the  nncertaiaty  with  which  my  material  comes  to  hand  which  P^o  673. 
must  he  my  excuse  for  having  so  soon  to  pi*e3ent  a  fni'ther  note  on  the 
"show-off"  in  the  Bustards. 

A  young  male  specimen  of  the  Great  Bustard  (Otis  tarda)  has 
recently  died  in  the  Society's  Gardens  \  and  one  or  two  observations 
whieli  I  was  able  to  make  on  its  gnJar  arrangements  have  done  much 
to  clear  up,  in  m^  mind,  the  difficulties  connected  with  that  some- 
what involved  subject.  My  previous  communication  on  this  point 
(**  Proceedings  of  the  Zoological  Society,"  1874,  p.  471) f  contains  a 
drawing  of  the  cesophagua,  trachea,  and  gular  pouch  of  a  Spanish 
specimen  of  Otis  tardily  kindly  given  mo  by  Lord  Lilford.  In  the 
description  appended  to  the  woodcut  it  is  remarked  that  the  crop  is 
peculiar,  in  that  it  springe  from  the  posterior  instead  of  the  anterior 
wall  of  the  cesophagms ;  and  I  may  mention  that  it  is  further  peculiar 
in  not  being  quite  median,  as  would  have  been  expected. 

I  do  not  know  the  age  of  the  young  male  bird  above  referred  to, 
which  I  have  recently  examined.     It  seemed  of  nearly  full  size,  had 
been  in  the  possessiiJU  of  the  Society  between  three  and  four  moiitliSj  Pag©  674. 
had  never  shown  off,  and  had  no  latei'al  tuft  of  feathers  from  the  sides 
of  the  lower  jaw* 

In  it  the  ooaophagus  was  uniformly  cylindrical,  with  no  trace  of  a 
crop,  and  there  was  no  gular  pouch.  On  looking  under  the  tongue, 
however,  it  waa  evident  that  the  arrangement  of  the  sublingual  struC' 
tures  was  quite  j>eculiar.  In  the  male  of  Enpodotis  anMralw^  as  I 
have  previously  remarked^  the  fra?num  lingua?  is  well  developed  in  the 
normal  manner  as  a  mediiin  vertical  fold ;  and,  what  is  more,  it  is 
situated  as  far  forward  as  in  most  animals,  not  behind  the  level  of  the 


*  '*  Proceedings  of  the  Zoological  Society /'  1674,  pp.  673»  4.    Eood,  Deo.  1, 
1874. 

t  {Supra,  p.  242.) 

X  "  ProceediugB  of  the  Zoological  Socictj/'  1874,  p.  472.     (Opp) 
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baaihyal  apparatus.  In  tbe  young  and  poncliless  male  of  Otis  tardm 
the  condition  is  very  different.  In  it  the  frtenum  linguae  does  not  cxtst 
as  such,  but  as  two  slight  lateral  vortical  folds,  with  a  median  interval 
l>etweeii  them,  a  quarter  of  an  inch  across  ;  so  that  the  poncUless 
subliiigual  region  of  the  young  male  Otlif  tardu  is  very  like  the  exoeU 
lent  drawing  of  that  of  the  pouched  adult  male  in  Dr.  Murie's  paper 
on  the  bird  (**  Proceedings  of  the  Zoological  Society,"  1869,  p.  141), 
except  that  what  is  there  represented  as  an  aperture  to  a  pouch  must 
be  considered  for  the  time  being  as  only  a  slight  depression.  The 
tongue  is  also  free  for  a  considerably  further  distance  along  its  under 
surface  than  in  Eujmdotis  australis. 

In  a  specimen  of  the  head  of  Ofts  tarda  in  the  Jfn&oum  of  the 
College  of  Surgeons*  the  frfenam  linguae  is  median  and  normal  in  all 
respects.  The  sex  is  not  mentioned ;  but  from  the  fact  of  its  differ- 
ing BO  much  from  that  of  my  young  male  specimen,  I  cannot  help 
inferring  that  it  is  that  of  a  female.  If  such  is  the  case,  until  more 
examples  are  obtainable,  the  certainty  as  to  the  correctness  of  mj 
surmise  is  not  absolute. 

The  two  Bublingual  fnena,  with  a  membrane  between  them,  make 
it  seem  almost  certain  to  me  that  in  the  adolescent  male  bird,  and  not 
in  the  female,  there  is  every  opportunity  for  the  development  of  a 
pouch,  and  that  the  habit  of  inflating  the  air- passages  during  tbo 
eexnal  season  distends  the  membrane  between  the  fnena  lingu®,  it 
beitig  comparatively  weak,  and  catises  it  to  develop  into  a  pouch  from 
continued  stretching.  In  favour  of  the  here  assumed  existence  of 
considerable  press  are  is  the  existence  of  the  abnormally  situated  di- 
verticulum in  the  specimen  figured  in  mj  previous  paper  on  the 
sabject ;  for,  from  the  absenoo  of  any  trace  of  a  crop  in  the  young 
bird,  it  may  be  inferred  that  such  an  organ  does  not  pertain  to  the 
species;  therefore  it  must  be  the  result  of  some  superadded  force, 
brought  into  action  in  the  adult,  the  distention  of  the  pharynx  doring 
the  "  show-off  ^'  being  quite  sufficient  to  account  for  it. 

The  specimen  figured  in  my  earlier  communication  and  that 
described  in  the  present  may  all  be  seen  in  the  Museum  of  the  CoUeege 
of  Surgeons^ 
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39.  ON  SOME  POINTS  IN  THE  ANATOMY  OF  THE 
PARROTS  WHICH  BEAR  ON  THE  CLASSIFICA- 
TION OF  THE  SUBORDER.* 

(Plates  VI  &  VII.) 

In  a  former  commnnicationt,  a  review  of  certain  of  the  most  variable  Page  586. 
characters  found  amongst  the  Columhce  enabled  me  to  give  hints  with 
regard  to  the  mutual  relationships  of  the  different  genera  of  that  con- 
siderable family,  which  I  hope  will  be  found  of  service.  On  the 
present  occasion  it  is  my  desire  to  follow  out  a  similar  method,  taking 
the  Pstttacif  a  suborder  quite  as,  and  perhaps  even  more,  difficult  to 
arrange  by  external  features  only. 

The  unequalled  collection  of  living  Parrots  in  the  Society's  Gardens,  Page  687. 
and  the  liberality  of  friends,  have  placed  at  my  disposal  specimens 
of  the  large  number  of  82  species,  in  all  of  which  I  have  been  able  to 
note  the  characters  laid  stress  on  in  this  paper.  To  save  repetition  a 
list  is  here  given  of  the  species  examined  by  me ;  and  on  all  future 
occasions  when  a  genus  only  is  mentioned,  it  refers  to  those  species  of 
it  which  are  contained  in  this  list. 

Names  of  Species  examined. 


Agapomis  roseicapiUa, 

Oaica  melanocephala. 

Aprosmictus  erythropterus. 

Calopsitta  novce-hollandice. 

scapulairis. 

Calyptorhynchus  hanksii. 

Ara  amhigua. 

Ghrysotis  agilis. 

araraunn. 

collaria. 

macao. 

f estiva. 

viaracana. 

l^aillurUii. 

Bolborhyivchtbs  moruichus. 

ochrocephala. 

Brotogerys  tirtacula. 

Cotiurus  CBTuginosus. 

tcmi. 

aureus. 

pyrrhopterus. 

aztec. 

viresceiis. 

hcematorrhaus. 

Cacatua  cristata. 

galerita. 

jendaya. 

leadbeateri. 

monachus. 

sulphurea. 

nanday. 

•  "  ProcoedingB  of  the  Zoological  Society,"  1874,  pp.  586-98.    Pis.  LXX  and 
LXXI. 

t  '*  Proceedings  of  the  Zoological  Society,"  1874,  p.  249.     (Suprdky  p.  229.) 
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Conurus  pavtia. 

petzii, 

xantholcemus. 

Ooracopsis  barhlyi, 
Cyanorhamphtts  auriceps, 

novce-zealundtce. 

Eclectus  polychlorus. 
Eolophus  roseicapiUus, 
Eos  cardiiuilis, 

indica. 

riciniata, 

Euphema  aurarUta. 

hourhii, 

pulchella, 

splendida, 

Oeopstttdcus  occidentalism 
Lathamus  discolor. 
Licmetis  pastinator. 
Loriculus  asiaticus. 

chrysonotus, 

galgulus, 

Lorivs  lori, 

tricolor, 

Melopsittacus  undulatus, 
Nestor  meridionalis. 


Nestor  notahtlts. 
Palceomis  alexandrt, 

erythrogenys. 

longicauda, 

torquata. 

Pionus  menstruus. 

sordidus, 

Platycercus  eximius. 

pallidiceps, 

zoiiarius. 

Poeocephalus  fitscicapillus. 

senegalensis, 

PrionituruSf  sp. 
Psephotus  hcematogoMer, 

pulcherrimus. 

Psittacus  erithactts. 
Psittacula  passerina. 
Psittinus  malaccensis, 
Pyrrhulopsis  splendens. 
Pyrrhura  leucotis. 

vittata, 

Stringops  habroptilus. 
Tanygnathus  muelleri, 
Trichoglossus  concinnus. 
novcE'hoUandice. 


Page  588.        The  points  to  which  my  attention  has  been  directed,  on  account  of 
the  variations  observed,  are  : — 

1.  The  arrangement  of  the  carotid  arteries ; 

2.  The  presence  or  absence  of  the  ambiens  muscle  ; 

3.  The  presence  or  absence  of  the  furcula ; 

4.  The  presence  or  absence  of  the  oil-gland  ; 

and  others  of  minor  importance,  such  as  the  complete  encirclement  of 
the  orbit  by  bone,  and  the  peculiarities  of  the  atlas  vertebra.  Theso 
will  bo  considered  separately. 

I.   The  arrmnjtmont  of  the  can^tid  arteries  auicmg  the  Parrots, 

In  my  paper  on  the  carotid  arteries  of  birds,  the  peculiarities  of 
these  vessels  in  the  Parrots  are  described,  it  being  shown  that  three 
different  arrangements  of  thesu  vessels  obtain,  and  perhaps  a  fourth. 
Either  the  two  carotids  may  run  normally,  inde|>endent,  and  side  by 
side  up  the  front  of  the  neck,  in  the  hypapoph vsial  canal ;  or  the  right, 
as  usual,  traverses  that  canal,  whilst  the  left   runs  superficially  ahmg 
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the  side  of  the  neck  in  company  with  the  left  pneumogaatrio  nerve  and 
the  jugular  vein ;  or  the  left  carotid  may  alone  be  developed,  as  in  the 
Passeres  and  many  other  birds.  It  has  been  stated  that  Meckel  found 
a  fourth  arrangement  in  Cacatua  sulpJmrea ;  but  in  a  specimen  of 
that  species  recently  dissected  by  me,  the  left  only  was  present,  as  in 
C  crtstatay  0.  leadheateriy  and  0.  galerita. 

To  make  this  paper  complete  in  itself,  and  to  incorporate  those 
dissections  performed  since  the  other  was  published,  a  list  of  all  the 
Parrots  which  I  have  examined,  together  with  the  condition  observed 
in  them  is  given. 

1.  The  two  carotids  are  present,  running  normally,  side  by  side,  in 

AgapamiSf  LortculuSy 

Ajpro8inictu8y  LoHus^ 

Calopsttta,  MelopsittdcuSy 

CalyptarhynchvSy  Palceomisj 

EclscttiSy  PriontturuSf 

EolophtiSy  Fsittinusy 

Eos,  SirtngopSf 

Euphema,  Tanygnathtu, 

Oeop»Utacu8,  Trichoglosstu, 
Licmetisy 

2.  The  left  carotid  only  is  present  in 
Cacatua. 

3.  The  two  carotids  are  present,  the  right  having  its  normal 
course,  the  left  running  superficially  along  with  the  left  pneumogastric 
nerve  in 

Ara^  Nestor  y 

BoIhorhynchuSy  Ptmius, 

Brotogerys,  PlatycercnSy 

Caica^  Poeocephalusy 

Chrysotis,  PsephotuSj 

ConuruSy  FsittacuSy 

CoracopsiSf  Psittaculay 

CyanorhamphuSf  PyrrhulopsiSf 

LatharmiSy  Pyrrhura,  p^-^  ggg^ 

It  may  be  observed  that  the  only  other  well-defined  g^ups  of  birds 
in  which  the  carotids  vaiy  are  the  CypselidsB,  OallineB,  StruthioneSy 
and  OtidsB. 

II.  The  presence  or  absence  of  the  ambiens  muscle. 
The  ambiens  muscle,  the  tendon  of  which  crosses  the  front  of  the 
knee-capsule  obliquely  from  above  downwards  and  outwards,  and  nlti- 


sso 
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mately  fornui  pari  of  the 

flexor  peif Grans  dii^tomm,  la 

iollowmg  genera — 

Ara^ 

NestoTs 

Bolborhjfnchu8, 

Pmocephduf^ 

aoca. 

PiiUaout, 

OonuruSf 

Sirtngopi. 

It  18  absent  in 

AgapomUf 

LiemetUf' 

Apratmdeius^ 

LorumUUf 

Larius, 

Caeainat 

Oaioptitia, 

PaikBomiSf 

CM^tarhfnehWf 

Pionutf 

ChryoHij 

PlaiycercuSf 

Ooracopsis^ 

PrioniturWf 

Psephotus, 

EcUetui^ 

Piittaetda, 

BolophMi, 

PnttiwuB, 

Eotf 

Pyrrhulopsii^ 

BvfkemOf 

PyrrhwrOf 

Ihwygnathua^ 

Laihamu$^ 

Trichogloisui. 

IHeaent  m  Omb 


The  only  other  well*defined  groapa  of  biida  in  which  the  amhiena 
mnade  ia  known  to  vary  are  the  Colnmho  and  the  Stmthionea. 

ni.  The  presence  or  absence  of  the  furcula. 

By  this  expression  is  meant  the  presence  or  absence  of  the  foronla 
as  a  complete  bone ;  for  in  those  Pamits  in  which  it  is  said  to  be 
absent,  the  scapnlar  ends  of  the  two  parts  of  which  it  is  composed  are 
frequently  to  be  found,  being  of  considerable  length  in  Stringops  and 
some  of  its  allies. 


Page  590. 


The  forcnla  is  complete  in 

Aprosmictus^ 

Coracopsis, 

Araj 

Eclectus, 

Bolborhynchus, 

EolophuSy 

Brotogerys, 

Eos, 

CaccUua, 

Lathamus, 

Catca, 

Licmetis, 

CalopsittOy 

Loriculus, 

Cdlyptorhynchusy 

LorxuSy 

Chrysotis^ 

Nesfor, 

ConuruSf 

Palcpomis, 

ON  THE  ANATOMY  OP  THE  PARROTS.  251 

Pionusy  Pyrrhulopsisj 

PceocephaluSy  Pyrrhura^ 

PrtonituTus,  Tanygnatktts, 

Psitiuctis,  Trichoglosstuf, 
Psittinus, 

The  furcula  is  bat  partially  developed  or  absent  in 

AgapomiSy  PlatycercuSy 

Cyanorha7)iphii8f  Psephotv^, 

EuphevKif  Psittacula^ 

QeopsittacuSy  Stringops, 
MelopsittacuSf 

Dr.  Finsch,  in  his  monograph  on  the  Parrots*,  has  given  a  list  of 
those  species  in  which  the  condition  of  the  farcula  has  been  recorded, 
which  is  very  complete,  embracing  most  of  the  above  genera. 

rV.  The  presence  or  absence  of  tlie  oiUgland, 

When  present  the  oil-gland  is  always  tnfted  in  the  Parrots. 
Nitzsch,  in  his  work  on  pterylosisf,  has  recorded  its  absence  in  some  of 
the  genera. 

It  is  present  in  the  following  genera : — 

Agaponiis,  Loriculus, 

AprosmictVrSf  LoriuSy 

Ara,  MelopsittacuSy 

BoJhorhynchuSj  Nestor, 

Ca  lea.  Pa  Iceomis, 

Calopsitta,  PlatycercuSy 

CalyptorhynchuSf  PoeocephaluSy 

Con  uruSy  Prion  itu  rusy 

CoracopstSy  PsepKotiis, 

Cyanorhamphics,  Psittacula, 

EclectuSy  PsittactbSy 

EolophuSy  Psittimts, 

EoSy  Pyrrhulopsts, 

EupheiJia,  Pyrrhura, 

Qeopsittac  us,  St  ringops, 

Latham  us,  Tanygnathus, 

LicmetiSf  Trichoglossu^. 

It  is  absent  in 

Brotogerys,  Chrysotis,  Pionus, 

•  "  Die  Papageion,"  Bd.  i.  p.  197. 

t  **  Pterylographj,"  English  edition,  p.  08  et  seq. 
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;  B^s^fiOl.       In  Caeaiua  gakriia  and  0.  leadbeatmi  it  is  preaent;  but  it  ii 

genenllj  wanting  in  0.  eriakUa^  and  has  not  been  found  in  0.  ml- 

The  abore  facte  may  be  tabulated  in  a  form  whibh  malceB  their 
significance  more  readily  apparent,  by  placing  those  together  in  whidi 
a  similar  arrangement  is  obsenrable.    Thns  there  are : — 

1.  Parrote  in  which  there  are  two  normally  situated  oaioftida^  no 
L                                         ambiens  mnsde,  a  furcnla,  and  an  oil-gland— namely 

i  AprotmictuBf  Lorictdiu^ 

i  CalopnUOf  Lariu$^ 

t  OaliffptarhifnehMij  Falaiomu^ 

\  EeleeHu^  FrUmUwrua^ 

Bob,  TanygnaikuB^ 

IdemeHs,  Triehoglo9iUi, 

2.  Panote  in  whidi  thero  are  two  normally  situated  oazotidsy  no 
ambiens  musde,  no  furcula,  and  an  oil-gland — ^namely 

Buphema^  MelopnUacus. 

8.  Parrote  with  a  left  carotid  only,  no  ambiens  musde^  a  f nzenlai 
and  generally  an  oil-gland— namely 

I  Oaeahta. 

4h  Fiyrrote  with  two  carotids  (the  left  being  superficial),  an  ambiens 
muscle,  a  f  urcula,  and  an  oil-gland — ^namely 

ArOj  Nestor, 

Bolborhynchiis,  PoBocephaluSy 

Galea,  PnUactu. 
Conurus, 

5.  Parrote  with  two  carotids  (the  left  being  superficial),  no  ambiens 
muscle,  a  furcula,  and  an  oil-gland — ^namely 

Ooracopsis,  Fyrrhulopsis, 

LathamuSf  Pyrrhura, 

6.  Parrote  with  two  carotids  (the  left  being  superficial),  no  ambiens 
muscle,  a  furcula,  and  no  oil-gland — namely 

BrotogeryBy  Pionus. 

Chrysotis, 

7.  Parrote  with  two  carotids  (the  left  being  superficial),  no  ambiens 
muscle,  no  furcula,  and  an  oil-gland — namely 

Cyanorhamjihusy  Ps^hotusy 

PUUycercus,  PsUtacula. 


ON  THE  ANATOMY  OF  TKE  PARROTS. 


253 


The  tmo  significance  of  theses  facta  next  requires  attention ;  and 
the  principle  npon  which  all  attempts  at  the  formation  of  a  satisfac- 
tory genealogy  or  claHsifi cation  of  the  snborder  can  be  an-ived  at  must 
be  bom  in  mind  thronghont.  It  is  the  following  r—An  anatomical  Page  692. 
character  is  so  much  the  more  or  less  certain  to  have  been  an  element 
of  the  original  type  or  ancestor  whence  sprang  the  class,  order,  family, 
or  genus  under  consideration  as  it  ia  more  or  less  frequently  found  in 
the  less  intimately  related  minor  diyisions  of  the  groups  under  obser- 
Tation.  An  example  will  make  this  more  clear  : — Two  large  arteries 
(the  carotids),  one  on  each  side,  run  up  to  supply  the  head  in  most 
Pnlmonate  Vertebra ta,  as  far  as  I  know.  In  all  Mammalia  such  is 
certainly  the  case.  In  many  Birds  there  are,  similarly,  two  carotids, 
though  some  have  only  one.  It  is  therefore  more  than  probable  that 
the  ancestral  bird  had  two  carotids,  those  in  which  one  is  absent 
having  lost  it  subsequently.  Many  Parrots  have  two  carotids;  the 
genus  Caaduu  is  characterised  by  the  left  only  being  present :  it, 
therefore,  has  in  this  respect  departed  roost  from  the  ancestral  type. 
Again,  other  Vertebrata  and  other  Birds  with  both  carotid  aiieries 
present  have  them  symmetrically  placed ;  many  Parrots  have  symme* 
trical  carotids ;  but  in  some  the  left  (and  the  left  only)  is  abnormal  in 
being  superficial :  therefore,  from  the  same  considerations,  these  last 
have  differentiated  off  from  the  parent  stem,  and,  what  is  more,  this 
pecaliarity  can  hardly  have  occurred  on  more  than  one  occasion,  as  it 
is  otherwise  unique  and  therefore  peculiar  and  exceptional  in  on  gin. 

There  is  another  principle  to  be  rememlaercd,  which  is  that  there 
IS  no  such  thing  as  reversion  to  lost  ancestral  anat-omical  characters. 
The  genus  Camtua  has  lost  its  right  carotid,  as  have  the  whole  family 
of  the  Passe  res  and  many  others.  There  is  not  a  tittle  of  evidence 
in  favour  of  the  assumption  that  they  or  their  descendants  could  ever 
regain  that  vessel.  Its  arrested  development  is  a  positive  act,  the 
result  of  extra  forces  coming  into  play  in  early  embryonic  life,  to 
remove  which  would  require  the  introduction  of  a  certain  definite 
geries  of  counterbalanciug  forces  superadded  to  those  already  in 
action;  whilst  in  the  ancestral  bird,  the  persistence  of  the  two 
arteries  resulted  from  the  absence  of  any  impediment  to  their  deve- 
lopment. The  probability  that  the  ancestral  form  should  be  reverted 
to  cannot  be  greater  than  that  an  entirely  new  arrangement  should 
be  efl^ected.  That  some  domestic  excentric  varieties  should  tend  in 
some  cases  to  revert  to  the  wild  type  can  have  no  mom  bearing  on 
the  general  subject  tlmn  the  similar  tendency  to  exaggeration  which 
is  not  apparent  in  the  feral  forms. 

Upon  these  principles  many  deductions  can  be  made  as  t<i  the 
mutual  relations  of  the  several  genera  of  the  Psittacine  suborder. 
For  instance,  it  must  be  inferred  that  the  ancestral  Parrot  possessed 
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two  carofcida^  mnaing  sym metrically  in  front  of  tlie  neck^  and  fhat 
ambieas  muscle  was  present,  as  was  tlie  furcnla  and  tlie  tufted  > 
gland.     The  intestinal  cieca  and  gall-blailder  must  liave  been  absent  \ 
lost  very  early,  as  mast  the  poetacetabalar  portion  of  the  tensor  faac 
muscle;*  for  thej  are  none  of   them  to  be  found   in  any  exist 
species;    whilst  the    beak,   tongne,   crop,   and  rectrices   mnst   hai 
posseBsed  the  characteristic  features,  which  are  not  fonnd  to  vary  i? 
Page  593*  A-ny  important  extent.     The  pterylosis  of  the  Buborder  forms  a  con- 
siderable  but  much  involved  field  for  work,   which  has  only  beM 
entered  upon  by  the  ill ustr ions  Nitzsch. 

Referring  back  to  the  characterising  features  of  the  existing  species 
whose  internal  structure  has  been  noted,  it  will  he  seen  that  none  has 
as  yet  been  found  with  a  conformation  exactly  similar  to  that  of  the 
above- described  ancestral  bird  ;  in  other  words,  no  exisfcini^  Parrot  has 
been  seen  with  two  normal  carotids,  an  ambiens  muscle,  a  fnrcula,  and 
an  oil-gland.  By  more  than  a  single  way,  however,  this  condition, 
with  only  one  exceptional  character,  is  found  to  exist.  For  instance, 
the  fourth  combination  above  given,  in  which  the  ambiens,  furcnla, 
and  oil-gland  are  present  at  the  same  time  that  the  carotids 
abnormal  (the  left  being  superficial),  agrees  with  the  type  except  i 
one  point — ^th©  disposition  of  the  carotid  arteries.  Again,  in  the 
of  the  combinations  the  only  deviation  from  the  type  consists  in  the 
absence  of  the  ambiens  muscle. 

These  two  different  directions  of  variation  must  therefor©  haf 
formed  the  secondary  stems  from  which  the  more  apecialis&ed  genera 
subsequently  sprang.  In  other  words,  the  main  stem  must  have  given 
rise  to  two,  in  one  of  which  the  carotids  remained  normal^  whilst ; 
the  other  the  left  became  snperficiaL  The  following  are  the  gene 
aa  they  will  thus  appear : — 


t   are 

ptii 

fii«r 

the 
if? 


era  in  which  tin?  left  carotid 
h&A  remained  nonujil. 

(Paljlo  BNIT  mUM,) 

Agaponiis, 

Apromiictus. 

Cacatua, 

Calopntta, 

Oalpptorhynchui. 

Eclectui. 

Eohphiis, 

Eos, 

Euphctna* 


Oononi  in  wbicli  the  left  carotid 
had  become  aupcrOciul, 

(PSITTACID^,) 

Ara, 

Bolhorhifnehus. 

BroiogeryB, 

Caica, 

Chrysotu. 

Conurtis. 

Ooracopni, 

Cyanorhamphu4» 

Lathamus. 


•  Vidfi  "  Pn>ecediit9s  of  the  Zoologicol  Society/'  187S,  p.  628.    (Supr^,  p. 
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Genera  in  whicli  the  left  carotid  Gknera  in  which  the  left  carotid 

has  remained  normaL  has  heoome  superficial. 

(PaL^ORNITHIDjE)  (PSITTACIDJE. ) 

OeopsUtacus,  Nestor. 

Loricultts,  Pionus, 

Lorius,  PlcUycercus. 

Mehpsittacus.  PcBOcephaluB. 

PdlcBomis.  Psephotua. 

Prianiturus,  Psittacus. 

PsitHnus.  Psittactda, 

Btringops,  Pyrrhuhpsis, 

Tanygnaihus,  Pyrrhura, 
Tnchoglo88U8, 

Each  of  these  secondary  types  mnst  have  then  become  a  centre  for 
variation  in  itself.  From  the  4th  combination,  in  which  only  the 
carotids  are  peculiar,  sprang  the  5tli,  6th,  and  7th,  with  the  ambiens 
deficient,  just  in  the  same  way  that  the  1st,  2nd,  and  3rd  combinations 
originated  from  the  ancestral  form  by  the  same  process  of  reduction. 
The  loss  of  the  furcula  and  of  the  oil-gland  (though  never,  as  it  Page  5M. 
happens,  bothtogetber)  have  further  aided  in  the  formation  of  tertiary 
and  further  subdivisions,  which,  upon  the  dissections  above  given, 
would  lead  to  the  arrangement  of  the  &mily  which  is  depicted  in 
Plate  LXX  [6.]. 

This  may  be  represented  in  the  tabular  form  as  follows : — 

Suborder  (or  Cohort)  PSITTACI. 

Family  I.  PALJiOBNiTHiDiE.     (Left  carotid  normal.) 
The  ambiens  muscle  absent.     Carotids  two,  except  in  the  genus 
CaccUua. 

Subfamily  (1)  PALJEOBNiTHiNiE.    No  further  deviation. 

PalcBomis. 

Eclectus. 

Aprosmictus, 

Tanygnathus, 

Prianiturus, 

Psittinus. 

Loriculus. 

Trichoglossus, 

Lorius, 

Eos, 

Subfamily  (2)  Gacatuina.  Orbital  ring  completely  ossified, 
and  characteristic  in  that  it  develops  a  process  bridging 
the  temporal  fossa  {vide  Plate  LXXT  £7.]). 
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OdlopsiMa. 
Calyptorhynckus, 
rlAcnietis. 

<  Eolophus, 
L  Gacatua. 

Subfamily  (3)  Stringopin-b.     The  furcala  lost* 
8tringop8, 
r  Euphema. 

<  Oeopsittacus, 
L  MelopsiUactis, 

Agapomis, 

Family  II.  PsiTTACiDiE.     (Left  carotid  superficial.) 

Division  I.  The  ambiens  muscle  present. 

Subfamily  (4)  Arinje.     No  further  deviation. 
(Ara. 
Oomirtu. 
Bolhorhynchus, 
jOaica, 
Psittacus. 
T<B0cephalu8. 
Nestor, 

Page  596.  Division  2.  The  ambiens  muscle  wanting. 

Subfamily  (5)  PrRRHURiNii.     No  further  deviation. 

Pyrrhura. 
Lathamus, 
Coracopsis. 
Pyrrhulopsis. 

Subfamily  (G)  Platycercin*.     Pnrcula  lost. 

{Platycercus. 
Pstphotics. 
Cyaiiorhamph  us. 
Palttacula, 

Subfamily  (7)  Ciiuysotin^.     Oil-gland  lost. 
J  Chnjsotis. 
\Pwnu8, 
Brotoijerys, 

In  phyllogcnetic  language  this  arrangement  would  bo  expressed 
thus : — The  original  stem,  in  which  tlie  carotids  were  normally  dis- 


•  Soo  the  special  remarks  on  Hum  group  in  the  postscript  to  this  paper. 
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*,  j^ve  off  a  branch  characterised  bj  their  abnormal  arrange- 
ment. The  contiDuation  of  the  main  stem,  as  well  as  the  bi'anch, 
shortly  lost  the  ambiene  muscle^ — the  latter  (and  not  the  former), 
however,  being  represented  at  the  present  day  in  its  nn  modi  lied 
foiTii  by  the  Arinso.  Each  of  tbe  two  secondary  branches  persists  as 
the  Pal a3omi till naa  and  the  Pyrrhurinro  respectively,  they  both 
branching  dichotomously  in  an  exactly  Bimilar  manner,  the  former 
giving  rise  to  the  Stringopinf©  and  the  specially  modified  €\icafua 
crisfata  and  (7.  ndphurea^  the  other  to  the  Bimilarly  modified  Platycer- 
cince  and  ChrysotinBB. 

A  method  of  formulation  will  assist  in  making  this  more  readily 
intelligible.  If  the  presence  of  two  carotids,  normally  disposed,  is 
represented  by  the  figure  2,  the  abnormal  arrangement  may  be  re- 
presented by  2.  Then  J  if  the  presence  or  absence  of  the  varying 
Rtmctures  be  represented  by  +  or  ~,  the  following  tnhle  will  express 
the  charaett'ristica  of  the  different  subfamiliea  ^ — 


PahpomithinoD    . .  .  . 

Cacatuinffi < 

Btringopinas  ...,.,, 

Arintp  ..,.*,. 

Pjrrliimnffi  ,..,,.. 

PlatjperciniP 

ClirysotiTiir 

Tjpe  form * , . 


Carotids. 


Ambieai. 


Fiircuk. 


Oil-glQDd. 


The  PaloBornithince  wiU  thus  be  represented  by  the  fonnnla 
2,  — ,  +,  +  J  the  Arin©  by  2,  +,  +,  +  ;  and  so  on.  Plate  [7]  LXXI. 
will  represent  these  facts  in  a  more  self-evident  manner. 

Through  the  kindness  of  Prof.  Flower  and  also  from  the  death  of 
the  specimen  presented  by  Mr.  Murdoch  to  the  Society,  I  have  twice  Pnge  5D6. 
had  the  opporinnity  of  dissecting  Striwjops  habroptUus.  As  a  Pan'ot 
it  is  not  so  gtriki ng!y  peculiar  as  many  seem  to  think.  Its  wings  are 
useless,  and  the  carina  stemi  is  correspondingly  reduced,  it  is  tnie ; 
bat  as  points  of  classificattona!  importance,  I  regard  these  as  insignifi- 
cant The  points  of  special  anatomical  interest  which  it  doea  possess, 
however,  are  particularly  instructive.  The  proximal  ends  of  the 
incomplete  furcula  are  well  developed,  bo  much  so  that  it  might  at 
first  sight  seem  that  their  sytnphy,sial  ends  are  only  lost  in  correlation 
with  the  excessive  reduction  of  the  powers  of  flight;  though  thi.s  Is 
probably  not  the  case,  because  the  allied  similarly  modified  genera 
Euph^ma  d:c*  do  not  keep  to  the  ground. 

Further,  in  the  Society'}*  specimen  above  mentioned,  though  the 
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ambiens  muscle  did  not  cross  the  knee,  yet  its  fleshy  belly  was  well 
differentiated  on  both  sides^  its  thin  tendon  being  lost  over  the  capsnle 
of  the  joint.     In  the  College  of  Surgeons'  specimen^  however,   this 
mtiscle  was  entirely  absent  in  the  only  knee  which  was  in  a  fit  state  for 
dissection,  tbe  other  being    mnch   shot.      It  is   only   in   the   genus 
(Edicnemug  that  I  have  elsewhere  fonnd  a  similar  partial  loss  of  the 
ambiens.^     The  partial  development  of  this  muscle  in  this  particnLiRl 
instance  shows  that  the  tendency  t43  lose  it  is  not  of  great  antiqaity ; 
and  it  is  to  be  noted  that  there  is  no  other  Parrot  with  normal  ^^arotid^ 
in  which  any  trace  of  an  ambiens  is  to  be  fonnd.     These  considers*  i 
tions  suggest,  what  may  perhaps  be  the  case,  as  is  suggested  by  tht 
pecnliarities  of  their  geographical  distribution,  that  Agapomis  may  be 
the  representative  among  the  normal-carotid  Parrots  of  the  Platycer* j 
cine  branch  from  the  Artnae,  whilst  the  Stringopinae  proper  (iuclac 
OeopsiUacu^t  Melopsitiacus^  and  Enphema)  are  more  direct  oontini] 
tions  of  the  main  stem,  as  indicated  by  the  dotted  portions  of  the^ 
diagrams  (Plates  [6]  LXX.  and  [7]  LXXI.),  i9/nTi^op^  itself  being  the 
nearest  living  representative  of  the  oommon  ancestor  of  the  whole 
suborder. 

Further,  it  may  be  worth  while  taking  a  glance  at  some  of  the  most 
important  changes  which  my  classification  would  necessitate*  Taking 
Mr.  Sclater*s  *'  Revised  List  of  Yertebrated  Animals  in  the  Society's 
Gardens"  as  a  good  representative  of  current  opinion,  the  Order 
PsiTTACi  is  there  divided  into  two  families  and  seven  subfamilies, 
ihuflt — 


Order  PSITTACI, 

Family  h 

STRINGOPrPJE, 

Family  II 

.    PSITTACID^. 

Subfamily  1.  Cacatuinje, 

If 

2,  Abinje. 

„ 

3.  Platycebciwjb. 

4  P^rTTAciNJ:, 

n 

5.    LORIIK^, 

)* 

6,  Nestohin^, 

As  far  as  the  major  division  is  concerned,  the  facts  bmnght 
forward  in  the  present  communication  snggest  a  different  arran^ie* 
mcnt,  as  shown  abov^^  which  would  approximately  distribute  these 
subfamilies  thus : — 


Fiunily  I. 
Btrin^optdw, 


VnmVLj  II. 
Afinw^ 
riatycereiiUB  (in  pari). 


•  m^  "  FftMwedingi  of  tli«  Zobto^al  fociety ."  1873,  p,  640.    (SmprA,  p.  208.) 
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F&mUj  1.  Family  IT. 

Cacainiiue,  Fdttacinw  (in  pari). 

Plafifcercinm  (in  part) .  Nestorinm. 
Fditacinm  (in  jKirt). 

The  generally  received  famiiiea  PlatycerciDro  and  PsittacinaB  are 
avowedly  rather  iDCon<>priions  mi  stares.  Mr.  GoulJ,  with  aciit^  per- 
ception, was  able  to  differentiate  Ajyrosmictus  from  P!atycercui,  chiefly 
by  its  habits  of  life;  and  anatomical  considerations  show  that 
Dr,  Finsch's  attempt  to  reabsorb  it  in  the  ohler  genus  is  a  retrograde 
step.  If  Dr.  Meyer  is  right  in  stating  that  the  sexes  in  Echdtis  are 
of  different  coloni'Sj  its  relations  to  Aprosniicitts  may  be  very  intimate. 

It  may  at  firet  sight  seem  very  heretical  to  remove  LathaniMs  from 
the  Loriinee^  the  brnsh-tongue  being  considered  character istic  of  that 
subfamdy.  To  the  unbiased  student^  however,  the  brnsh -tongue  is  a 
character  not  more  important  than  several  of  those  that  have  been 
above  considered.  It  is  only  an  excessive  development  of  the  papilla? 
which  are  olwajs  present  on  the  lingual  snrfacOj  and  is  seen  in  a 
slightly  difTerent  form  m  the  Lion  and  other  Felidro.  The  character  of 
the  piipillse  is  somewhat  different  in  LatJmmu^  from  what  it  is  in 
Ldrius,  they  being  blunter  and  shorter  in  the  former  gen  as  than  in 
the  latter. 

The  totally  different  geographical  distribution  of  Palmornu  and  the 
true  AiinBD  is  quite  opposed  to  Br.  Finsch's  proposition  that  Conurus 
and  Brotogerys  should  be  the  neigLlK>nr8  of  the  PalfiBoga?an  genus. 

Broiogerys  entirely  agrees  in  structure  with  Chnjsotts  and  Ptonw/f, 
differing  greatly  from  Conurus;  whilst  in  itself  Conurm^  as  gene- 
rally received,  embodies  the  red- tailed  species,  wnth  the  fonrth 
primary  not  acuminate,  and  the  green-tailed  spec-ie.s  with  an  ace  ami- 
nate  foni'th  primary.  In  the  former  section  {Pijrrhtt^a)  the  amhiens 
muscle  is  quite  lost,  whilst  in  tho  latter  (Conurus)  it  is  always  well 
developed* 

Prof,  Huxley  is  not  the  only  naturalist  who  has  been  puzzled  by 
the  geographical  distribution  of  Pntfacula,  This  genus  in  its  wide 
sense»  however,  is  broken  up  into  fnr  separated  genera— the  Old- 
World  Psifttimif  and  /Ujapfyrnw  differing  entirely  from  the  New -World 
Psittarttlay  Agaponiis  being  the  homologne,  as  it  may  be  termed,  iu 
the  normal-carotid  Parrots  of  Psitlacnla  in  the  other  group,  whilst 
Psittinu^  is  a  less  differentiated  genns  of  the  former  division. 

Nestor  no  doubt  stands  rather  isolated  ;  but  possessing  the  ambiens 
muscle,  as  well  as  all  the  other  characters  of  Pdtiaous  and  tlie  tme 
Arinae,  it  must  be  classed  with  them. 

My  subfamily  PjTThurinaa  seems  a  mixture ;  and  all  I  can  say  in 
its  favour  is  that  the  combination  of  anatomical  characters  is  exactl)'  Page  598. 
the  same  in  all  its  genera,  which  have  a  very  scattered  distribution, 

s  2 
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It  will  be  noticed  that  no  Parrots  with  normal  carotids  occur  in 
the  New  World :  and,  as  far  as  I  know,  none  bat  members  of  that 
gronp  have  red  beaks. 

P.S.  (December  8th,  1874).— On  the  25th  of  last  month,  from  the 
death  of  one  of  the  specimens  of  Strlnrjops  habroptilus^  recently  pur- 
chased bj  the  Society,  I  have  had  an  opportunity  of  dissecting  a 
third  individual  of  the  species.  In  it  the  ambiens  muscle  is  complete, 
of  fair  size,  at  the  same  time  that  it  crosses  the  knee  as  in  PnUaeus. 
This  makes  me  feel  more  convinced  that  the  arrangement  indicated 
by  the  dotted  portions  of  the  diagram  plates  accompanying  this  com- 
munication is  the  correct  one,  and  that  the  main  stem  has  given  rise 
to  three  instead  of  two  branches — the  Stringopinaa  being  the  nearest 
representatives  of  the  ancestral  form,  some  of  its  members  {QeoptiUa- 
cu8f  MelopstttacuSf  Eupkema,  and  Cyanorliamjphus)  having  quite  re- 
cently lost,  whilst  Stringops  itself  is  just  now  on  the  point  of  losing 
the  ambiens  muscle.  It  is,  however,  quite  possible,  if  external 
resemblances  and  geographical  distribution  are  left  out  of  considera- 
tion, that  Stringops  must  stand  as  the  sole  representative  of  the 
StringopinaB,  thus  conforming  with  generally  received  ideas;  and  that 
OeopsittactLS,  together  with  Melopsitfacus,  Euphema,  and  Gyanorhan^ 
phu8,  must  be  placed  with  Agapornis  as  part  of  the  family  Agapomi- 
thiuEB,  in  which  the  formula  is  2,  — ,  — ,  +.  The  close  external 
resemblance  between  Stringops  and  Geopsittacus  nevertheless  makes 
me  indisposed  to  adopt  this  view. 
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40,  NOTES  ON  THE  ANATOMY  OF  CERTAIN 

PARROTS.* 

Since  the  pablication  of  mj  paper  "On  aomo  points  in  the  Anatomy  Pago  691. 
of  the  Parrota,"  in  the  *'  Proceedings  "  of  the  Society  (1874,  p.  586), 
I  have  had  the  opportunity  of   dissecting'  several  Bpecies,  some   of 
which,  fi*om  their  peculijirifcieB,  deserve  special  note.     They  aro  the 
folio  wing  I — 

1.  Dast/ptihts  pecqneiL  It  ia  through  the  great  kindncaa  of  Dr»  A. 
B.  Meyer  that  I  have  had  the  advantage  of  being  able  to  dissect  this 
extremely  rare  bird.  Dr.  Meyer  obtained  the  specimen  in  New  Guinea, 
and  has  preserved  it  in  spirit,  entire.  He  haa  most  liberally  allowed 
me  to  determine  those  anatomical  points  to  which  I  have  drawn 
attention  in  the  paper  above  referred  to. 

There  are  two  carotid  arteriea ;  the  left,  however,  runs  superficially 
as  in  the  Psittacid©  (as  defined  by  me).  The  oil-gland  is  large,  aub- 
globose  and  possesses  a  well-developed  tuft  of  shortish  feathers  around 
its  orificpa.     The  rectrices  are  twelve  in  number. 

In  its  myology  and  osteology  it  agrees  with  the  PyrrhuriuEO  in 
entirely  wanting  tho  ambiens  maaclo,  and  in  having  a  f urcula,  w^hich 
bone  is  not  large  or  powerful,  nor  so  Blonder  as  in  the  Lories. 

Tbe  orbital  riog  ia  incomplete,  the  eye  not  being  encircled  by  bono. 
The  femoTO^caudal  muscle  is  large;  and  the  semi fcendinosua  with  its 
accessory  head  ere  well  developed^^^ — in  which  arrangement's  it  agrees 
with  all  the  Psittaji. 

Tho  intestines  are  17:J  inches  long,  there  being  no  trace  of  cceca. 
The  liver-lobes  are  somewhat  uneqaal  in  size,  the  left  being  the 
smaller.  The  stomach  ia  small  and  much  like  that  in  the  Fruit-eating 
PaiTots  generally.  The  proventricalus  forms  a  dilated  sac,  of  which 
the  w^alls,  inatead  of  being,  as  is  usually  the  case,  thick  and  glandular, 
are  etrikingly  thin,  at  the  same  time  that  no  glands  are  visible. 

Dr*  Meyer  has  already t  given  a  short  deHcription  of  the  peculiari- 
ties of  the  ton^e,  and,  in  writing  to  me,  tells  me  that  he  has  further 
observations  to  make  on  tho  same. 

As  in  nearly  all  birds,  the  main  artery  of  the  thigh  is  the  sciatic,  Pago  693. 
whilst  tho  vein  is  tho  fojiioi-al. 

There  is  a  fenestra  near  the  posterior  margin  of  the  sternum,  on 
each  side. 


•  *' Pjwjeedkigs  of  the  Zovlvgieal  Sock'tj,*'  1876,  pp,  691-2.     Rt'ad,  June  20, 
1876. 

t  *'  MitthpiL  nu6  ileiii  k.  Koclogbchcn  Mupcum  zu  Dirciideii/^  1875,  p.  14, 
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2.  Deroptifus  act^ijntrinu^.  A  Brazil iaii  Bpecimeii  of  this  ratlier 
peculiar  gemia  from  the  Society^s  collection  has  tho  two  carotids 
arraoged  as  in  DasyptUuSj  the  left  being  BuperficiaL  The  forcnla  is 
of  fair  size,  the  orbital  ring  incomplete,  the  oil-gland  well  tufted,  the 
ambions  muscle  abaunt. 

3*  Folytdes  harmhandi  possesses  two  carotids,  normally  situated — 
in  other  words,  side  by  side  in  the  hypapophysial  canal.  The  fnrcala 
is  small  and  slender.  The  oil-gland  is  decidedly  large,  and  well  tufted. 
There  is  no  ambiens  mascle.     The  intestines  measured  40  inches. 

4.  Chaltopsitta  sclniillata  has  the  two  carotids  normally  situate, 
a  small  furcula,  a  small  tuft  to  the  large  oil*gIand,  and  no  ambiens 
muscle.     The  intestines  meiisured  37  inches. 

5.  Coriphthi^frmgiMacetts  has  the  two  carotids  normal,  the  furcula 
small  and  slender,  no  ambiens  muscle,  and  a  well-tufted  oil-gland* 
This  specimen  was  kindly  given  mo  by  Canon  Tristram,  carbolized 
and  dry. 

Of  genera  which  have  already  passed  through  my  hands  I  have  i 
had  the  following  additional  species  ;^ 

Ara  milUaris,  Licmetis  tenuirostris. 

Cacaiua  nwluccensU^^  Loriits  doviicella. 

^— —  philippinarum.  Posocephalus  meyeri, 

Mclect  us  grandU,  Ta  nyg  nai  h  us  a  Ihirostrls. 
Eos  rdiculata. 

They  all   agree  with    those   species    previously  dissected,  except 
Licmetis  tenuirosfnSf  wliich   Ims  only  one  carotid,  the   left,  wbereiaa  . 
L.  pasiinaior  haa  two.     It  will  be  interesting  to  verify  this  difference^ 
between  the  South- Australian  species  and  its  more  western  ally  ;  for 
th«  uncertainty  of  the  disposition  of  these  vessels  in  the  Cacaiuluaa  is 
rendered  more  striking  if  it  is  correct* 

In  the  specimen  dissected,  of  Cacaiua  pldUppbiarum^  a  gall-bladder 
was  present.  This  is  the  only  case  in  which  I  have  seen  this  vi&cus  ia 
any  Parrot. 

Formulating  the  varying  characttTS  of  the  alxivo  newly  dissected 
genera  upon  the  principle  adopted  in  my  eai'lier  paper  and  there  ex* 
plained,  the  formula?  run  thus : — 


(1)  Baf^ypHhiS     2.  — .  +  ,+, 

(2)  Deropiyus     ^.  — .  +  .+. 

(3)  Puhjides       2.-.  +  ,-!-. 


(4)  ChalcnjmUa  2.—,  +  .  +  . 

(5)  Coriphilus    2. -.  +  .  +  , 


Such  being  the  case,  JOasypHJiis  and  Dirojitym  fall  into  my  sub- 
family Pyrrhnrinie,  whilst  the  other  three  must  be  placed  with  the 
I'alaujrnithina*.  It  is  interesting  to  notice  that  DentpUjus  agrees  with 
I'yrrhrira^  and  not  with  Ctmurm, 
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41.  NOTE  ON  THE  ABSENCE  OR  PRESENCE  OF  A 
GALL-BLADDER  IN  THE  FAMILY  OF  THE  PAR- 
ROTS.* 

In  a  former  communicatioiit  I  had  the  opportunity  of  showing  that  Pago  798. 
the  generalization,  founded  upon  the  dissection  of  an  insufficient 
number  of  genera,  that  the  gall-bladder  is  wanting  in  the  Golumbsd, 
does  not  apply  to  Carpophaga,  LophokemrASy  or  PHloptts.  On  the 
present  occasion  I  have  to  correct  a  similar  error  with  reference  to  the 
Psittaci,  because  ^I  have  found  a  well-developed  gall-bladder  in  speci- 
mens of  CaccUua  phUippinaruniy  Cacatua  gqjffinif  Cacatua  molticcensisy 
and  Calopsitta  Ttovce-hollandice,  in  which  last-named  species  it  is  small 
and  easily  overlooked. 

In  my  earlier  dissections  I  have  not  recorded  the  presence  of  a 
gall-bladder  in  any  species  of  Parrot.  That,  no  doubt,  is  because,  it 
being  absent  in  so  many,  I  did  not  expect  to  find  it. 

From  the  above  facts  it  is  highly  probable  that  the  presence  of  a 
gall-bladder  in  the  CacatuineB  will  have  to  be  included  among  the 
characteristic  peculiarities  of  this  subfamily.  At  the  same  time  its 
|)ersi8tcnce  in  them  is  in  favour  of  the  view  that  the  PaleBomithinae, 
as  restricted  by  me,  J  are  but  little  different  from  the  ancestpal  Parrots, 
and  the  Cacatuin89  still  less  so.  The  primitive  Parrots  must  have 
possessed  a  gall-bladder — because  we  know  that  this  organ  is  present 
in  the  CacatuinsB,  and  consequently  was  not  absent  in  the  primitive 
species,  as  the  probability  that  it  should  have  been  independently 
developed  a  second  time  is  infinitely  little. 

•  "  Proceedings  of  the  Zoological  Society,"  1877,  p.  793.    Read,  Nov.  20, 1877. 
t  "  Proceedings  of  the  Zoological  Society,"  p.  257.     (Suprct,  p.  239.) 
X  *'  Proceedings  of  the  Zoological  Society,"  p.  594.     (Suprd,  p.  255.) 
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42.    ON    THE    KANGAROO    CALLED    IIALMATURVS 
LUCrUOSUS  BY   D'ALBEKTIS,  AND  ITS  AFFI- 

NITIES.* 

(Plates  yiTI-X.) 

Page  48.  D0H1NG  the  time  that  H.M.S.  **  Basilisk  '■  wag  cruising  in  the  region 
of  the  south-etist  of  New  Guinea  one  of  the  sailors  acquired  a  speci- 
men of  a  small  Kanguroo,  which  Signor  L.  M*  D*Albertis,  G*M,Z*S., 
obtainetl  from  him  at  Sydney*  In  a  letter  addressed  to  \lv.  Sclater,  I 
dated  Sydney,  N.S.W.,  December  1,  1873,  Signor  D'Albertia  de- 
stTibed  this  specimen,  under  the  name  of  HabucUnrus  luctuosus^  aa 
foliowsf  : — "  Length  from  the  nose  to  the  occiput  4^  inches ;  lengtti 
of  the  ears  If  inch ;  length  of  the  thigh  5|  inches ;  length  of  il 
tarsus,  including  the  nail,  4|  inches  j  length  of  the  tail  11^  inches.' 
Total  length,  from  the  noae  to  the  tip  of  the  tail,  2  feet  5  inches.  It^ 
weight  is  7^  pounds. 

'*  The  fur  is  short,  its  general  colour  dark  ashy  brown  with  a 
silvery  tinge,  white  at  the  roots ;  chin,  throat,  and  chest  whit-e,  with 
two  horizontal  ashy  stripes  under  the  pouch  ;  on  the  top  of  the  head  %■ 
silvery  whitish  spotj  the  thighs  more  grey;  feet  dark,  almost  black  j 
the  arm  white  inaide  ;  the  baud  black.     The  tail  raoderately  strong,  ol 
a  similar  colour  to  the  body^  but  white  and  l>aro  of  hairs  for  aliout  an" 
inch  at  the  extremity.     The  lips  are  Imrely  covered  with  fur;  the 
eyelids  are  pufTad,  almost  naked,  and  provided  with  eyelashes  so  finO| 
as  not  to  be  readily  seen  at  fii'st  sight." 

Hah.  **  S,E.  of  New  Guinea/' 

On  Apfil  17»  1874,  this  Kangaroo  was  deposited  by  Signor  D'Al- 
bertis  in  the  Society's  Gardens  j  and  at  the  Meeting  for  Scientific 
Business  on  May  5th  following,  Mr.  Sclater,  in  reporting  on  the 
additions  to  the  Society *b  Meuagerie,J  exhibited  a  drawing  of  it,  anc 
referred  to  it  as  the  "  typical  example  of  Halmaturus  bidtiosus  of  D*AI- 
bertis.**  It  is  this  specimen,  a  female,  which  forms  the  subject  of  the 
present  communication.  It  died,  Nov.  24,  1874^  w^ith  congested  lungs, 
alter  a  severe  frost,  the  first  of  the  corainencing  winter. 

An  examination  of  the  dead  body,  and  especially  of  the  mouth, 
which   it   was    impossible  to   obherve  in  the  living  animal,  made  it 


•  •*  Proceeding*  of  rlie  Zoologicftl  Soci<yty»**  1875,  pp.  48-69.      Pl«.  VII— IJt. 
Bcftd,  Feb.  2,  1875. 

t  **  Prooet'dinfirt  of  the  Zookvgical  Stvioty/"  1874,  p.  110. 

J  *»  Procccdiiigiiuf  the  Zoologicttl  J^oruly"  1874,  p.  347,  PI.  XLIL 
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eviilent  that  the  species  conld  not  bo  rightly  included  in  tLe  genas 
Ma^ropiis  or  Hidmaftmts.  Farther  comparlsoti  made  it  clear  that  it 
was  intimatclj  related  to  the  genus  DendrohtyuSj  and  also  to  the 
species  described  in  Waterhouse^s  ^VMammalia'**  as  Macropu^  hrunlL   Ptgo  40. 

Mr,  Waterhonae  bases  his  descnption  of  tlua  last-named  species 
on  a  skin  so  labelled  in  the  British  Musenm^  and  on  Hiiller*s  acconnt 
of  the  same  animal  in  his  elaborate  work,t  iii  the  lettei-preas  of 
which  it  is  termed  Dorcopsis  hrimiL  The  priority  of  the  generic 
name  being  nndispafced,  anj  freab  species  which  can  be  shown  to  be 
gcnerically  related  to  the  above-determioed  species  is  evidently  a 
Bpecies  of  the  genna  Domopsis, 

This  laat  remark  is  called  for  becaxise  the  subject  is  rendered 
somewhat  involved  by  an  oversight  of  the  illnstrioaa  Miiller.  In  his 
description  of  his  Dorcopsis  hrunii  ho  evidently  has  no  doubt  that  the 
specimen  or  specimens  be  is  considering,  is  or  are  identical  with  the 
"Philander  "  described  by  BiTiynJ  as  having  been  seen  by  him  in  the 
garden  of  the  Governor  of  Batavia,  apon  which  the  name  hrunii  was 
originally  based.  Prof.  Schlegel,§  however,  has  most  convincingly 
shown  the  unjustitiableness  of  this  assumptian^  and  lias  proved  beyond 
a  doubt  that  the  species  to  which  the  name  Philander  can  alone  bo 
applied  is  that  found  only  in  the  islands  of  Am  and  the  Ke  group, 
whilst  the  species  which  forms  the  subject  of  Miiller  s  memoir  is  a 
denizen  of  New  Gninea  itself.  Prof.  Schlegel  therefore  retains  the 
name  Macropus  hmnii  for  the  Philander  of  Am,  and  of  the  New- 
Gninea  animal  forms  the  new  species  MaeropUB  mneUerL  As  to  me  it 
is  evident  that  M,  mtielleri  is  generically  distinct  from  Macroptts  in  its 
widest  sense,  and  from  all  its  minor  divisions,  it  is  also  evident  that 
Dorcopsis  muellen  must  be  the  name  applied  to  the  Dorcopsis  hrunii 
of  Miiller.  The  species  which  forms  the  subject  of  the  present  com- 
menication,  belonging  (as  I  hope  to  prove)  to  the  same  genus  as 
Dorcopsis  mueUeri  (Schlegel),  must  therefore  stand  as  Dorcopsis 
luctimm  (D*Albcrti8)» 

The  eiaterial  at  my  disposal  is  the  following ; — ^tho  skin  and 
skeleton  of  the  type  specimen  of  Dorcopsis  lucitwsa ;  the  skins  of  an 
adult  male  and  female,  as  well  as  of  a  young  male,  of  Dorcopds  mttel- 
leri  in  the  British  Museum,  collected  by  Mr.  Wallace ;  a  skull  from 
the  skin  of  the  above-mentioned  female  of  Dorcopsis  inuelleri ;  the 
much-discoloured  skin  of  the  male  of  the  same  species  in  the  British 
Museum,  from  New  Guinea,  described  by  Mr.  WaterhouseH  aa  Macro' 


♦  Vol  i.  "  Maraupiato;'  p.  180. 

f  *'  Zoogdiercn  vao  den  Indisclien  Archipel,"  pL.  4,  PI.  XXI, 

X  "  B<?i2eti  over  Mo^kavie,"  p.  371,  PL  2VA  (1713). 

S  "  Ne<TerlHiiclflch  Tijdaclirift  vwr  de  iJitrkimde/'  1866,  p.  350  tl  ieq. 

(I  "  Mauiniuiiu/'  vol.  i.,  p.  180. 
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pU3  hrunii ;  two  skeletons  of  Dendndagm   innMas^  one  in  the  Britia 
Museum  aud  the  other  in  the  Muaeum  of  the  College  of  Surgeons;  afl 
well  as  a  pair  of  ekius  and  an  imperfect  skull  of  Maeroptu  bmnU  froii 
Aru^  kindly  lent  me  by  Mr.  Edward  Gerrard* 

So  far  as  I  knovv,  the  viseera!  anatomy  of  Dorcopsti  muelleri] 
not  been  described.  That  of  Dendrolagus  inustus  ia  fally  given  by 
Prof,  Owen  in  the  **  Proceedings  "  of  the  Society  ;•  and  some  of  the 
actual  epecimena  on  which  this  description  ia  baaed  are  preserved  in 
the  Museum  of  the  College  of  Surgeons.  The  internal  anatomy  of 
Macro jnis  hntnii  ia  not  known. 
Page  60.  The  following  Table  gives  the  most  important  measurements  of 
the  skin  of  the  female  Dorcopsis  luctuosa^  compared  with  specimens  of 
the  same  sex  of  Dorcapnn  muelleri  and  Macropus  brnttii: — 


Lengths,  &c. 


From  tip  of  noao  to  bnao  of  tikil , 

TaU,.... 

From  lip  of  noAe  to  oauput. . « 

Fore  limb »»... 

Hind  limb  . .  .,...,.♦... 

From  lieel  to  end  of  nail  of  foiurth  toe 

Letigtii  of  ear , . . , . 

Circumference  of  ba«e  of  tail < 

From  knee  to  knee  over  the  back . .  . . . 


Dorcopmt 
luctuoaa  $. 


mmeUeri  $. 


MaeropuM 
brunii  $• 


The  general  contour  of  the  body  ia  quite  Macropine  ;  the  bruadtliJ 
at  the  liipa^  however,  is  somewhat  small.     The  hair  is  soft,  short,  and 
of  a  nearly  uniform  length  all  over  the  skin. 

The  head  ia  elongate  and  conical,  the  muffle  naked,  the  eyes  lar 
ajid  antilopine.  The  colour  of  the  upper  surface  and  sides  of  ihti 
headf  and  back  is  uniformly  blackiish  with  a  silvery  gloss,  each  hair 
being  whitish  at  its  base  for  two  fifths  of  its  length,  black  for  the 
next  two  fifths,  and  white  at  the  tip.  On  the  ventral  surface  a  broad 
longitudinal  white  band  extends  from  the  line  joining  the  angles  < 
the  mouth,  backwards  along  the  nock  and  belly  as  far  as  the  poucb,"^ 
behind  and  from  the  sides  of  which  it  continues  towards  tlio  tail  of  a 
tme  slate-colour  as  far  as  the  cloacal  orifice,  between  which  spot  \ 


•  **  Proowdingf  of  the  Zoological  Society,**  1852,  p.  103  §i  »§q, 
t  The  iilvery  wliite  epot  on  tbo  top  of  the  head,  mentioned  in  D'Albcrtia* 
dcacriptton,  is  not  produced  by  tlie  presence  of  Trliite  hnir,  but  reeult»  from  the  foci 
that  the  spot  where  it  ia  tomrtittui'S  Been  it  tiiu  anterior  junction  of  the  forwmrd' 
dircct-ed  hair  of  tbc  neck  with  the  buck  ward -directed  hair  of  the  froDtol  ivgian.  ]!• 
eListence  dcpcndu  entirely  on  tho  wiiy  in  whirti  the  hair  is  brutbeil^^d  it  ia  i 
TUiibie  except  after  the  ui»tunil  diflposition  hii«  boen  di-»turbed. 
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Uie  base  of  the  tall  it  is  aguin  wliite,  Tliis  white  band  occupies  the 
whole  of  the  region  between  the  angle  a  of  the  jaw,  and  continues 
down  the  neck  over  the  abdomen  of  a  slightly  greater  width.  It  only 
encroaches  on  the  sides  of  the  body  by  sending  an  expansion  into  each 
axilla,  which  is  visihle  laterally  just  behind  the  elbow-  There  ia  no 
lateral  transverse  white  stripe  across  the  front  of  the  thigh,  like  that 
BO  strongly  marked  in  M.hrmtii;  and,  nnlike  this  last  uamed  species, 
the  light  grey,  nearly  white  stnpe  above  and  parallel  to  the  lip  is  very 
insignificant,  and  doea  not  extend  backward  a  under  the  eye. 

The  ear  is  roundetl^  black  inside  and  out,  witli  a  slight  white  line 
formed  by  the  similarly  coloured  roots  of  the  there  exposed  hairs 
bounding  the  auditory  meatus  anteriorly. 

The  no  n- ex  posed  surfaces  of  both  the  arm  proper  and  tho  thigh 
are  of  a  pale  grey.  The  other  parts  of  both  the  fore  and  hind  limbs 
are  black.  The  nails  of  both  the  fore  and  hind  limbs  are  short  and 
Macropine. 

The  peculiarity  in  the  direction  of  the  hair  of  the  neck,  which  Puge  51. 
elsewhere  occurs  only  in  Dorcopsis  muelleri,  Bendrolufjus  ursuiu,%  and 
Dendrohujus  lumf us ^  is  as  strongly  nmrked  as  in  those  species — ^all  the 
hair  covering  the  space  bounded  in  front  by  a  line  running  trans- 
versely across  the  parietal  region,  and  behind  by  two  lines  joining  in 
the  middle  line  between  the  shoulders  to  form  a  right  angle  seven 
inches  behind  the  occiput,  and  extending  forward  and  outward  to  the 
shoulder- joint  J  being  directed  forward,  whilst  the  general  body-covor- 
ing  of  hair  is  directed  normally  backwards^ 

The  lips  are  nearly  naked,  as  is  the  skin  covering  the  snbsym- 
physial  portion  of  the  mandible,  just  behind  which  are  four  largo 
and  conspicuous  glandular  hair- follicles  in  the  middle  liue^  arranged 
in  pairs  to  form  a  square  (Plate  [9]  VIII.).  A  collection  of  glands  of 
a  similar  nature  is  found  on  the  upi>er  eyelid,  situated  a  little  nearer 
the  inner  than  the  outer  canthus.  These  are  shown  in  Miiller*& 
drawing  o£  Dor  cap  sis  7nueUen.*  A  few  long  hairs  are  to  be  found  on 
the  sides  of  the  upper  lip. 

The  eyelids  are  somewhat  puffed,  almost  naked,  with  the  eye- 
lashes scai^cely  apparent. 

The  tail  is  peculiar  in  being  of  considerable  diameter  to  near  its 
extremity,  and  in  being  uniformly  thickly  covered,  for  all  but  ite 
termination,  with  soft,  not  very  short,  black  hair.  The  skin  of  the 
distal  end  of  the  tail  ia  Macl\  except  for  its  tei-minal  1^  inch^  where 
it  is  nearly  white.  On  the  upper  part  of  this  white  portion  there 
are  a  few  white  hairs  ;  elsewhere  it  is  naked  and  scaly.  The  scales 
are  also  distinctly  seen  extending  forward  for  a  short  space  over  the 
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inferior  surface  of  the  black  skin,  from  the  absence  of  hair  in  thai' 
part.  The  characteristic  maun  or  in  which  the  animal  employs  its  tail 
as  a  method  of  support  (well  shown  in  '*  Proceedings  of  the  Zoologies 
Society,**  1874,  pL  xlii.),  might  have  almost  been  predicted  from  the 
above- described  distribntion  of  the  hair ;  for  it  is  evident  that  only  a 
pai*t  at  the  extreme  end  could  have  habitually  come  into  contact  wilh 
the  groand. 

The  only  brown  hair  on  the  body  is  that  in  the  pouch,  which  is 
rnfoTis.     There  are  four  mammso. 

There  is  not  the  least  difficulty  in  distinguishing  Doroopsts  hiduosa 
from  D,  mu^lhrL  The  general  colour  of  the  bead,  back,  and  tail  in 
the  specimens  of  the  latter  species  from  Mjsoli  above  referred  to,  is  a 
mouse-chocolate,  which  becomes  duller  over  the  thighs,  and  of  a  pale 
grey  on  the  outaide  of  the  fore  limb.  In  D.  muelleri  the  general, white 
of  the  abdominal  surface  expands  slightly  opposite  the  orifice  of  the 
pouch,  just  above  the  knees ;  it,  however,  does  not  develop  into  a 
band  over  the  Hank  as  in  Macropus  hrunii:  the  white  of  the  throat 
also  extends  on  to  the  angle  of  the  jaw,  and  continues  forward  to 
join  the  dim  white  stripe  along  the  upper  lip ;  and  there  is  a  second 
inaiguiCcaBt  white  line  under  each  eye,  also  (as  meutioncd  by  Prof. 
Schlegel)  not  nearly  so  marked  as  in  M,  hrunxL  In  the  male  of 
B,  mudhri  the  white  tip  to  the  tail  is  as  much  as  three  inches  in 
length. 

The  skull  of  Dorcopsis  luctuom  (Plate  [8]  VIL)  very  closely 
Piigo  52.  resembles  that  of  D,  mueneri^  the  following  being  the  two  most  im- 
poii^emt  measurements  in  adult  specimens  of  the  same  sex  (female)  : — 

in.  in. 

Length  of  skulL 4*1  4"55 

Greatest  breadth,  from  zygoma  to 

zygoma 2-2  205 

In  some  minor  details  there  are  slight  diflTerencea.  In  D.  muelle 
as  in  most  species  of  Macropiis,  the  premaxillary  region  is  bent  dov 
wards  in  such  a  w^ay  that  the  hue  formed  by  the  trenchant  edges  ^ 
the  molar  teeth,  if  projected  onwards  to  the  nose,  is  quite  above  tlm 
incisor  teeth.  In  D.  hictucsa  this  bending  downwards  of  the  snout  is 
not  so  marked,  as  will  be  seen  by  comparing  the  side  viefW  of  the  skoU 
(Plate  [8]  VII.  ig.  3)  and  the  similar  one  of  P.  mudleri  in  Prof. 
Miiller  s  elaborate  work  above  referred  to. 

Tlie  palatine  foramina,  one  large  one  on  each  side,  together  wilh 
seveml  much  smaller  ones  behind  each,  in  D,  maelleri  end  behind  tbo 
trauBverBO  palato-maxillary  sutures,  whilst  in  Z>.  Indvoga  their  anterior 
margins  are  formed  by  the  palatine  plates  of  the  maxillary  bones, 
into  which  they  cnci-oach  a  short  distance.     In  i^.  lucluosa  the  up^Hsr 
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of  the  lacrjmal  foramina  in  each  lacrymal  bone  has  an  ossiSc  ridge 
behind  it,  which  entisea  it  to  bo  completely  exserted,  or  situated  on  tlio 
face  outside  the  orbit;  whilst  in  D.  miielleri  the  ahRence  of  this  boijy 
ridge  causes  it  to  b©  sitnated  in  a  reeosB  on  the  margin  of  the  orbit. 
In  D,  luchiom  the  apex  of  the  angular  process  which  is  developed 
downwards  from  the  inferior  margin  of  the  raaxillaiy  portion  of 
the  zygoma^  is  opposite  the  anterior  cusp  of  the  third  molar  tooth, 
whilst  in  P.  mudleri  it  corresponds  to  the  posterior  cusp  of  the  second 
molar* 

With  reigard  to  tho  teeth  themselves,  the  canines  in  J),  mimlle^'i  are 
quite  the  size  of  or  oven  slightly  larger  than  tho  most  lateral  incisor  ; 
in  D.  luctuoga,  however,  ihey  are  much  smaller,  being  nothing  more 
than  slightly  curved  dentine  cylinders  about  ^of  an  inch  in  diameter, 
as  in  the  snhgenns  Lagorchestes^  siud  directed  downwards  and  forwards. 
In  both  the  species  the  third  incisor  has  an  inflection  on  its  labial 
surface,  as  in  all  the  species  of  Macropus :  in  D,  mnellen  this  fold  is  a 
little  in  front  of  the  middle  of  the  tooth  ;  and  in  D.  liidHftsa  it  is  decidedly 
nearer  the  posterior  border*  In  the  last-named  species  there  is  a  simi- 
lar distinct  inflection  on  the  second  incisor ;  in  D,  mueUeri  this  is  not 
apparent.  In  D,  nmeUeri  the  inferior  incisor  is  directed  more  imme- 
diattjly  forward  than  in  D.  luduosa^  in  which  it  turns  slightly  upwards  j 
this  peculiarity  is  con^elated  with  the  difierence  in  the  obliquity  of  tho 
premaxillary  region  (viiie  Plate  [10]  IX.). 

In  tho  enormous  premolars  there  is  a  slight  difference^- those  of 
D,  niueUen  being  a  little  the  larger,  in  the  upper  jaw  having  a  breadth 
of  0*55  inch  ngainst  0*4-75  inch  for  the  same  teeth  in  IK  hictuosa.  In 
D.  mu^^Uert  the  bony  septum  between  tho  two  fangs  of  each  premolar, 
especially  of  the  lower  jaw,  is  particularly  conspicuous  in  tho  undis-  Page  53, 
turbed  tooth,  even  projecting  slightly  beyond  the  osseous  alveolar 
mai^^in.     In  B.  luctuosa  this  septum  is  scarcely  visible. 

The  most  important  characters  of  the  skull  of  Dorcopsts^  aa  a 
genus,  which  distinguishes  it  from  Defidrola^us,  are  the  following  • — 
In  Dendrohifjtis  the  head  is  proportionally  much  shorter,  the  effect  of 
which  on  the  lower  Jaw  is  that,  as  tho  dental  series  is  not  correspond- 
ingly reduced,  the  ramus  and  tho  body  of  each  lateral  moiety  meet  at 
a  right  instead  of  an  obtuse  angle ;  there  are  no  palatine  foramina ;  the 
zygoma  is  considenibly  deeper ;  the  esoccipital  processes  are  longer, 
though  not  much  so ;  the  lower  incise i-s  are  considerably  broader,  at 
the  same  time  that  the  upper  lateral  incisors  are  larger  and  more 
cylindrical,  with  superficial  grooves  which  can  scarcely  be  termed 
inflections;  the  premolam  arc  not  so  broad,  and  their  outer  posterior 
tubercles  are  more  distinctly  developed. 

The  molar  teeth  of  Dorc^psis  and  Dmulrofagus  are  almost  identical 
(vide  Plate  [10]  IX.). 
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The  craBial  characters  which  distint3^i8li  Dorcf)png,  as  a  genus, 
from  Macrapititj  are  not  very  significant.  Looking"  at  the  base  of  the 
skull  the  arran clement  of  the  teeth  deserves  attention.  In  Borccpih 
the  premolar  with  the  molars  on  both  aides  form  straight  lines,  which 
are  exactly  pamllel  one  to  the  other ;  whilst  in  Macroptut  the  molar- 
prcmolar  series  form  slight  curves,  convex  outwards^  converging 
behind  as  well  as  in  front. 

In  D&rcopsts  the  zj^gomata  are  not  bo  powerful  or  deep  from  above 
downwards,  as  in  the  similar- sized  species  of  Macropus.  A  pecnliaritj 
also  presents  itself  in  the  lateral  occipital  region,  the  exoccipitals 
descending  considerably  below  the  iree  extremities  of  the  paramaatoids 
in  MarropKSf  whilst  in  Borcopsis  they  reach  downwards  scarcely  any 
further  distance. 

Respeeting  the  teeth,  Dorcopns  differs  from  Macrop^is  in  the  mnch 
diminished  size  of  the  superior  lateral  incisors.  The  central  incisors 
are  not  so  broad,  bnt  nearly  as  long.  The  second  incisor  ia  very  much 
smaller  j  and  though  presenting  a  slight  inflection  in  B.  IhcImoso^  as 
mentioned  above,  this  inflection  is  not,  as  in  Macro}}  us^  posterior  and 
internal,  at  the  line  of  contact  with  the  anterior  margin  of  its  more 
lateral  neighliour.  The  third  incisor  is  also  very  much  smaller.  The 
inflection  on  its  labial  or  outer  surface  presents  the  same  differencee  in 
the  two  species  of  Borcop»is  that  are  found  in  the  various  species  of 
Macropus :  in  B.  ludnosa^  as  in  M.  hnmii  and  3/.  fhetidis^  it  is  very  near 
its  posterior  border ;  whilst  in  D.  wneUeri^  as  in  M,  major  and  most  of 
the  other  species,  it  is  far  forward* 

The  inferior  incisors  in  Boreopsis  are  proportionally  narrower  than 
in  Mticropu^j  in  which  peculiarity  BendroJagus  resembles  the  latter 
genus  :  they,  however,  wear  down  in  a  similar  manner,  namely  at  the 
anterior  end  of  the  snpero-lateral  margin,  differently  from  that  in  tho 
Hypsiprymniform  Macropodidfle,  in  wliich  they  wear  in  a  rodent- like 
fashion. 

The  presence  of  the  sn  peri  or  canines  in  Botfiypsh  distinguishea  it 
Page  54.  from  moat  of  the  species  of  MaeropnSy  although  they  are  almost,  as 
well  developed  in  the  subgenus  LagorckesUs  as  in  B.  hictuoBO^  and  in 
that  one  only. 

The  premolars  of  Borcopsis  are  particularly  interesting,  presenting 
characteristic  features  which  are  more  suggestive  of  its  affinities  than 
any  other  skeletal  point.  As  to  those  in  the  upper  jaw,  their  breadth 
from  before  backwards  is  very  nearly  or  quite  as  grtat  as  thai 
of  the  first  and  second  molar,  together  with  the  anterior  of  the  tww 
cnsps  of  the  third.  The  crown  of  the  tooth  on  each  side  is  prismatic 
in  shape,  with  one  of  the  angles  forming  the  cutting- edge»  the  oppo- 
site side  the  base.  A  tubercle  on  tho  inner  surface  of  the  posterior 
end  of  the  tooth  distnrbs  the  uniformity  of  the  prismatic  shape;  it  is 


I 
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contitnied  forward  along  the  margin  of  the  Hngaal  sTirfac<5  as  a  feebly 
developed  ridge  or  cingalum.  Opposite  it  on  the  labial  surface,  a  small 
tubercle  is  also  to  be  found,  larger  in  DendrolaguSi  with  a  similar, 
sliglifcer  cingnlar  expansion. 

From  the  thna  somewhat  swollen  neck  or  cingtilam  several  ridges 
with  intervening  depressions  rnn  at  right  angles,  to  end  at  the 
trenchant  edge.  These  ridges  differ  considerably  from  those  observed 
in  the  corresponding  tooth  of  the  gcnas  Bettongia,  in  other  points  than 
their  degree  of  obliquity :  they  are  less  nnmerons,  and  therefore 
further  apart,  hecanse  the  tooth  is  considerably  broader ;  and  they  are 
continued  as  what  look  like  tumefactions  of  iheir  basal  ends,  into  both 
the  inner  and  outer  cingulum.  It  may  be  here  mentioned  that  the 
premolars  of  Ilfjpsipnjmnns  proper  (H^  murinus^  H.  gilberti^  and  H. 
plafi^ops}  agree  much  more  closely  with  Doreopsis  and  Dendrohigits  in 
the  characters  in  which  those  genera  differ  from  Btitongia, 

The  mandibular  premolars  arc  much  like  those  in  the  maxilla. 
They  are  not  so  broad,  equalling  only  the  two  ancceeding  molars. 
They  present  a  tumefaction  or  cingulum  at  the  base  of  the  crown  5  but 
the  posterior  internal  and  external  tubercles  are  not  devolop€xl. 

In  Ma^ropii^  there  is  never  anything  like  the  size  of  the  premolars 
of  Dorcfypsh  or  Dendrolagiis,  although  there  is  a  considerable  range  of 
difference  in  different  sections  of  the  genus,  which  in  Macnyp^is  proper 
appears  to  me  to  be  correlated  with  the  length  of  ear  rather  than  with 
any  other  character.  In  M.  major  their  size  and  permanency  is  but 
slight ;  and  in  most  of  the  long-eared  species  they  are  not  so  broad  as 
the  first  true  molar-  In  M.  hiUardieri  and  M*  hrunii  they  attain  their 
tna:omnm  size  proportionally ;  and  they  are  nearly  as  large  in  the 
subgenera  Pelrogalc  and  Lftgorchedes.  In  3f.  hillardieri  and  M.  hrtinii 
they  are  almost  exact  niiuiatnres  of  those  in  Dorcopsis,  except  that  the 
number  of  perpendicular  ridges  is  fewer. 

Res|>ecting  the  molars  of  Dorcopsui  and  Deitdrolagus^  they  may  bo 
termed  macropodiform,  hecaaae,  tboogh  much  resembling  those  of  the 
type  genns^  they  present  special  characters.  The  two  transverse  pris- 
matic ridges,  with  the  small  connecting  bridge  between  them,  are 
present,  although  the  last-named  structure  ia  less  conspicuous  and 
narrower.  The  anterior  minor  ridge  is  also  to  be  seen  ;  it  is,  however,  P»ge  ^* 
much  smaller  and  narrower  than  in  Macropu^s ;  as  in  that  genus,  it  is 
more  marked  in  the  mandibular  than  in  the  maxillary  molars.  The 
peculiar  twist  in  the  molar- premolar  senes  of  the  lower  jaw  (the  ante- 
rior teeth  turning  outwards  and  the  posterior  inwards),  by  w^hich  the 
trenchant  edges  are  rendered  parallel,  as  in  the  upper  jaw,  at  the 
same  time  that  the  i-ami  of  the  mandible  converge  is,  as  might  be 
expected  from  the  previously  mentioned  greater  parallelism  in  the 
maxillary  series  of  fktjcojms^    more   marked  in    that   genus  tlian  in 
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at  tho  molar  fceeth  in  Dorc/)pH$  i 
characters   intermedia  to  between 


Marropns.     It  maj  he  mentioned 
Deiidrfilagm    do    not    exhibit   anj 
Macro^rm  and  Ilijpsipri/mnns* 

The  remaininfj  bones  of  the  skeleton  do  not  present  featares  of 
special  interest,  Tbo  typical  nninl>er  of  precandal  vertcbrte  are  pre- 
sent, namely,  C*  7,  D.  13,  h.  6,  and  S.  2  j  there  are  19  caculal  vertebn©, 
with  well  developed  cheTTon  bones  between  the  proximal  ones.  The 
anterior  arch  of  the  atlas  presents  no  gap,  the  two  moieties  meeting 
with  a  linear  junction.  The  anticlinal  vertebr®  are  the  10th,  11  th, 
and  12th  dorsal.  The  clayiclea  are  fairly  developed ;  and  the  first 
ribs  are  very  broad.  There  is  a  snpracondyloid  foramen  to  the  bameros ; 
and  the  iibala  is  not  ossified  to  the  tibia.  The  following  are  the 
lengths  of  some  of  the  most  important  long  bones : — Hnmems, 
2 '75  inches,  radins  3*2,  femnr  5*1,  tibia  6*2,  fonrtb  metatarsal  1*B,  pubic 
Bymphysis  1*7. 

Hef^pecting  the  soft  parts,  the  tongne  has  three  small  circnmvallate 
papilliB  at  its  base,  arranged  in  the  ordinary  V-shaped  manner.  The 
palate  presents  several  strongly  marked  tninsverse  ridges*  The  sub- 
maxillary and  sublingual  glands  are  small,  the  former  ellipsoid  in  shape. 
The  parotids  are  large,  flat,  and  triangular,  with  their  bases  directed 
towards  the  root  of  the  neck,  and  their  apices  to  the  masseter  mnacle. 
Their  position  is  indicated  by  the  dotted  lines  in  Plate  [9]  VIII. 

The  left  lung  is  formed  of  a  single  lobe,  with  a  slight  fissure  on  the 
ventral  margin,  near  the  apex,  opposite  the  broadest  part  of  the  heart. 
The  right  lung  consists  of  two  lobes,  the  main  portion  and  the  azygos 
lobe.  The  lobe  proper  presents  two  fissures — one  near  the  npex^ 
running  vortehmlly  and  diapbragmatically^  separating  an  apical  lobule, 
the  other  running  vertebro-apically,  and  marking  off  the  median 
lobule.*  This  median  lobale  partly  embraces  the  base  of  the  heart,  as 
in  many  animals.     There  is  no  third  bronchus. 

The  heart  is  quite  Macropino,  there  being  two  superior  ven©  eavae. 
The  right  ventricle  a! so  spirally  wraps  round  tbo  much  stronger  left, 
as  in  Macropiis. 

The  stomach  is  periectly  Mocropine ;  that  is,  it  is  elongated,  sac- 
culated, with  the  o3sophagn3  entering  it  ranch  nearer  the  csecal  than 
Page  56.  the  pyloric  extremity,  with  the  walla  of  the  pyloric  end  smooth  and 
much  thickened.  The  cardiac  ctecal  extremity,  like  that  in  DendroJagus 
as  described  by  Pi\)f.  Owen,  consists  of  a  single  cul'de^sae^  not  a  biiid 
one  like  that  in  Macropiig  gigantetu, 

•  Th©  tn(?thod  of  tlescriplion  liere  mlopttMi  is  an  Attempt  to  aTt>id  t)\L^  ciitplo 
meni  of  term**  whirli  noi'esi^itiito  auy  n^uniption  with  resrpect  to  the  ftoeition  of  tl 
nniinni.  Supposing  (hf  aiumal  to  htkvv  its  rcrtcbral  ir-olumn  boritontiiil,  and  its  four 
liinhfl  on  tliL*  ground,  then  the  above  descriptiuii  might  bethuircad: — "The  lobe 
propr  piv9<»ntt»  two  (i9»ure» — one?  near  the  appi,  runniDg  upwardi  and  b«ckwardi« 
th<?  other  running  forvrtmU  and  upward*/* 
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In  tlie  sabgeaus  Fetrogale  tbe  stomach  la  not  bifid  at  its  cardiac 
extremity,  in  which  respect  it  resembles  DorcopsU,  In  other  respecta, 
however,  it  preaenta  considerable  differences;  it  is  more  capaciona 
opposite  the  oesophageal  orifice,  and  the  cardiac  portion  is  bent  on  the 
rest  nearly  at  right  angles,  which  is  not  the  case  in  Macropus  gifjajitetts 
jind  T^orcopsis, 

The  character  of  the  mncoas  membrane  also  deserves  attention.* 
In  Miicrcypttg  gigani^m^  as  as  well  known,  the  sqnamons  epithelium  of 
the  CBsophagas  spreads  over  most  of  the  stomach  also^  the  pyloric 
extremity,  and  one  of  the  two  cardiac  cieca  (which  is  itself  bifid)  being 
alone  lined  with  a  columnar  coating.  In  Fetrogale  this  latter  is 
absent^  the  digestive  mncons  membrane  being  confined  to  the  pyloric 
region.  Of  Dendrolag^is  inu^tus  Prof*  Owen  remarks  ^t  "the  epithc- 
Hnm  is  continued  from  the  oesopbagos,  for  a  breadth  of  2  inches  down 
the  posterior  surface  of  the  stomachy  and  of  1^  inches  down  the  ante- 
rior snrface,  and  thence  is  continued,  slightly  diminished  in  breadth, 
3  inches  tc^warda  the  pyloric  end  of  the  stomach,  and  2^  inches 
towards  the  cardiac  end.  The  rest  of  the  cavity  is  lined  with  the 
usual  gastiic  vascular  membrane,  the  surface  of  which  is  diversified  by 
patches  of  follicular  apertures  along  tbe  upper  curvature  of  tbe 
stomach,  which  patches  increase  in  breadth  as  they  approach  the  true 
digestive  portion/*  A  very  similar  condition  maintains  in  Dorcopsu 
ItttUwsa^  tbe  only  difference  being  that  the  squamous  lining  covering 
the  whole  of  the  cardiac  cul-de-mc  is  also  found  to  epread  from  tlie 
CBSophageal  orifice  along  the  lesser  curvaturo  for  a  short  distance 
tow^ards  the  pylorus.  As  in  DendrolaguB  tnusttis^  two  strong  parallel 
longitudinal  folds  run  fi^m  tbe  cesophageal  opening,  in  this  squamous- 
covered  mucouB  membrane,  for  some  distance  on  the  way  to  tbe  pyloric 
compartment,  gradually  disappearing  before  they  reach  it. 

The  small  intestine  is  97  inches  in  length,  with  numerous  oblong 
Peyer's  patcbes  distributed  tbrougbout  its  whole  distance,  averaging 
1^  inch  long,  by  |  inch  across*  The  cactim  and  large  intestine  are 
not  sacculated  j  the  former  has  a  length  of  2^  inches,  and  its  circum- 
ference is  the  same ;  tbe  latter  is  *A2  inches  long,  being  onewtbird  the 
length  of  the  small  intestiue,  which  is  the  same  proportion  that 
Prof*  Owen}  observed  between  the  same-named  viscera  of  Bendro- 
lagus  tnu9tit^*  The  equally  short  ciecuiii  in  the  Htjpsiprjjmni  difiers 
in  having  two  lateral  longitudinal  bands  which  scarcely  saccnlate  it* 


*  [See,  for  a  full  do«eripiion  of  tlib,  tlie  paper  by  Messn.  £,  A.  Sehlfor  and 
D»  J.  Wiilmms  **Oii  the  Structure  of  tlic  llufouti  Membrane  of  the  Stomflob  in  the 
Kangarot-is,"  wliieb  waa  commumeatcd  to  thtj  Zootog^ical  Sot-iely  hy  Prof.  Garrod, 
**  Prooeedingg  of  the  Zoological  Society,*'  1S76,  pp*  165-177.— Ed,] 

t  *'  Pn)c«ediiigs  of  the  Zoalogiml  Society,"  1852,  p.  105* 

X  LfH^.  cif.  p.  106, 
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The  spleen  ib  perfectly  Macropine,  being  narrow  and  elongate,  with 
a  well-developed  third  lobule. 

The  liver  very  closely  resembles  that  of  the  different  species  of 
Macrapm,  In  comparing  the  livers  of  different  animals  it  is  my  habit 
to  estimate  by  sight,  and  tbei'efore  only  approximately,  the  bulk  of  the 
Pago  57-  different  lobes,  and  to  write  down  the  results  in  the  form  of  a  formula. 
Employing  the  divisions,  so  evidently  natural,  proposed  by  Prof-  Flower, 
T  commence  by  writing  down  the  name  of  the  largest  lobe,  aft<?r 
which  the  othei'9  in  the  order  of  their  bulk,  with  symbols  between  each 
to  indicate  their  relative  size.  Taking  the  liver-formula  of  DorcopsU 
hictfwsa  as  an  example,  it  may  be  thtas  written, 

L.L.  2>a  i>R.a  i>Sp.>R.L.  2>L.C.; 
and  it  reads  m  follows;— The  left,  lateral  lobe  (L,L.)  is  the  largest ;  it ' 
is  twice  the  size  of  the  caudate  (C.)»  which  is  half  as  large  again  as  the 
right  central  (RC.)»  which  is  half  as  large  again  as  the  Spigelian  (Sp.)> 
which  is  larger  (very  little)   than  the  right  lateral  (R.L.),  which  is 
twice  the  size  of  the  left  central  (L,C.)* 

The  similarly  constructed  formula  of  Macropus  melanops  is 

LX.=a  2>RC.  i>R.L.  |>Sp.  3>L,a, 
and  of  Halmaturti^  dtrlnanus 

L.L.  If  >C=R.a  i>Sp,  J>R.L.  2>L.a: 
they  show  how  gvoni  a  similarity  there  is  between  the  different  mem- 
bers of  the  family  Macropodidic. 

The  gall-bladder  is  situated  in  the  deep  cystic  fossa;  and  the  nm- 
bilical  fissure  is  not  deep.  The  Spigelian  lol:>e  haa  its  apex  directed 
vertebrallj  and  resting  on  the  left  lateral  lobe,  as  in  Miicropus ;  no 
secsondary  lobules  are  connected  with  it. 

There  is  a  peculiarity  in  the  liver  of  the  specimen  of  DorcopfU 
IiwtucK^a  under  con  si  deration,  which  may  be  individual,  or  it  may  bo 
characteristic  of  the  species,  genns^  or  subfamily ;  at  all  events,  I  have 
not  seen  it  in  any  other  mammalian  animaL  Looking  at  the  diaphrag- 
matic surface  of  any  multilobata  liver,  the  lateral  margins  of  the  mass 
formed  by  the  right  and  left  central  Iol>f?s  are  always  seen  to  overlap, 
to  a  greater  or  less  extent,  the  lateral  lobes  in  an  imbricate  manner. 
Similarly  the  right  lateral  lol>e  overlaps  or  covers  the  caudate.  In  the 
livers  of  Macropu^  and  Haivitthnns  which  I  have  by  me,  this  eonformA- 
tion  is  strictly  maintained.  Bat  in  Dorcojm^  lucfftosa  the  CHudate 
lobe  overlaps  the  right  lateral  lobe  (instead  of  being  situated  on  its 
abdominal  surface),  in  such  a  way  that  the  last-named  lobe  is  only 
seen  between  the  right  free  edge  of  the  right  central  lobe  and  the  Itjfi 
free  edge  of  the  caudate.  This  condition  is  not  brought  about  by  aay 
po«t  mortem  change  in  the  position  of  the  lobes,  Ix^cause  the  right  1atc*ml 
fissure  is  not  so  deep  as  to  separate  them  at  their  vertebral  extremity. 
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Tlie  uterus  is  perfectly  MacropiriP,  as  are  the  vagincB.  N'o  direct 
communication  could  be  found  between  the  uterine  pouch  of  the 
vaginfiB  and  the  common  yaginal  canal. 

A  gland,  as  aBual,  about  the  size  of  an  almond,  with  a  slender 
duct,  opens  on  each  side  of  the  narrow  cavity  included  between  the 
sphincter  aiii  and  the  external  common  sphincter. 

In  conclusion,  the  comparison  of  the  varioufi  organa  and  struct  urea 
of  the  Macrop<>didflD  which  have  come  before  me   in   my  study  of  Page  f>8. 
Dnreopusig  Inrtuo^a  would  lead  me  to  divide  up  the  family  in  the  fol- 
lowing manner: — 

Family  MAGROPODID^.  Diprotodont  Marsnpialia  wanting  the 
hallux^  the  second  and  third  digits  of  the  pes  being  much  reduced 
and  included  in  the  skin  as  far  as  the  ungual  phalanges,  which  at 
the  same  time  have  the  claws  so  formed  that  the  inner  is  convex 
inwards  and  the  outer  convex  outwards,  at  the  same  time  that 
their  contiguous  surfaces  are  flattened.  The  stomach  is  elongated 
and  sacculated. 

Subfamily  MACRoroDiNJi.  Macropodidaa  in  which  the  oesophagus 
enters  the  stomach  near  the  cardiac  end ;  with  a  Spigelian  lobe 
to  the  liver;  with  no  lateral  longitudinal  bands  to  the  colic 
cflpcum  when  it  is  short,  and  with  radias  of  normal  form. 

Section  1.  Macropus.  With  the  premolars  never  much  larger  than 
the  first  molar;  with  a  eharacteristic  molar- tooth- pattern; 
with  the  stomach  but  slightly  lined  with  digestive  epithe- 
lium (?)  and  with  the  hair  on  the  nape  of  the  neck  directed 
backw^ards.  Hah.  Australia^  Tasmania,  Ara,  and  the  K6 
iBlandj^. 
Genera  or  subgenera.  Macropit^^  Raima Inrwt,  Petrogale^  Lagor- 

Section  2,  Dorcopsis.  With  the  premolars  strikingly  large,  with 
a  characteristic  molar-tooth- put tcru,  slightly  modified  upon 
that  of  MncTopit^ ;  with  the  sttimach  mostly  lined  with  diges- 
tive epithelium,  and  with  the  hair  of  the  nape  of  the  neck 
directed  forwards.     Hah.  New  Guinea  and  MysoL 

Genus  1,  Dormpsh.  Limbs  Macropine  in  their  proportions. 
Genus  2*  Ikiuliuhiffu.%  ProtemnoJmi*^  Sthenurus*.     Fore  limbs 
much  longer  than  in  Macropus, 


•  An  inspecJion  of  the  plutt*!*  in  Prof,  Oweifa  paper  on  thee^  new  g^nertk 
(*'  Pliil.  Tnviis,,"  1873,  p.  215),  miikes  it  eTidcvnt  ttiat  tbpj  are  Bcarcely  disti  up  mail- 
able from  Dendmlagut^  ftnd  mu9t  be  inc^luded  in  tlie  BoRCOPiiTfl  section  of  vXw 
fjunily, 

T    2 
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SobfamOj  HTPstPSTMStvx.  Hkcropodids  in  wliifA  ^e  WK>- 
pkagns  enters  tha  fftomacli  near  the  pjlorie  end;  witk  bo 
special  Spigelian  lobe  to  the  lirer;  with  Imlenl  lomgitodiiittl 
ban^  to  the  short  colic  cBscum ;  with  a  mudi-flattmed  and 
expanded  rmdins,  with  a  chamctenstie  niolar-tootli>pBttefn,  and 
with  the  incison  worn  down  much  as  in  Hodeni  *Ttiwi«Jg  -  Mmh, 
Australia  and  Tasmania. 

Genus  Mf/pfiprymnuM  (inclnding^  H,  murinmt,  HI  fftXherUf  and 
H,  platifopty,     Anditorj  bnlla  somewhat  inflated ;  palatine 
liOTamioa^  one  laf^  one  on  each  side ;  ridges  on  premolars 
few  and  perpend  icnlar.     Face  elongate. 
P»gf?  5^.  Genus  BeiioH^  (inclnding  all  the  others  of  the  gronp  except 

B.  T%i/e$cemg),  Auditory  bulla  mnch  inflated;  palatine 
foramina  as  in  H^psiprtfmnug ;  ridges  on  premolars  namerons 
and  obUqne ;  head  short. 

Oenns  JEpyprymnuM^  (inclnding  only  Be&ongia  rufe$cens  of 
Gonld).  Anditoiy  bnlla  not  inflated;  palatine  foramina 
absent ;  head  short ;  tarsus  oonsiderablj  longer  than  in 
the  two  other  genera. 

It  shonld  be  mentioned  that  the  Tisoeral  anatomy  of  ^pyprymnas 
ntfacem  has  not  been  published,  and  that  Mr.  Waterhonse  dirtdes  the 
genua  Ut/pnprtfmnti^  into  three  subgenera  corresponding  exactly  with 
the  three  genera  here  defined. 

My  best  thanks  are  due  both  to  Mr.  Sclater  and  Dr.  Gunther  for 
the  very  kind  way  in  which  both  these  gentlemen  have  assisted  me  in 
my  study  of  this  subject. 


EXPLANATION  OF  THE  PLATES. 
Plats  8.     (VTL) 
lAUml  rapenor  sod  mfeiior  Tiewv  of  the  ekult  of  DoreoptiM  Utctuota^  nsttu«l 

Plate  9.     (YHI.) 

Tmw  of  ihf  inferior  surf  nee  of  the  neck  of  Dorcopitix  (iietMota,  thowing  th«  median 
gUiid  with  four  onJlces  »tuatcd  in  the  bjoid  re^otu  The  podlions  of  the 
krge  parotid  and  imidl  BubmaxiUaiy  glnTids  arc  indicated  bj  dotted  linca. 

Plats  10.     (IX.) 
Teeth,  twice  the  naturtd  mzf^,  of  (figs.  1-5)  Doreopsis  luctuo^a^  (HgB.  6^10)  i>oneojMtj 
mUihri,  and  (Ogs.  11   15)  Maeroputt  brumi.     The  upper  two  rowt  rrprescnt  tXw 
lefi  up|ier  pivmokr,  the  third  and  fourth  rows  the  upper  and  lower  third  left 
nioLur,  and  the  bottom  row  the  iiu.'bora. 


•  Thin  term  I  propose  for  Mr.  Wuterhouse'i  first  »eciion  uf  Eifp*ipr 
whif^i  he  lui«  left  without  anj  Liitiii  mime. 


PI  8 


/y  /. 


(P  Z  S  1875  PI  VII) 


SKULL  OF  DORC  OP  SIS   LUCTQOSA 


SUBMA;(ILLARY  region  of  DORCOPSIS  laCTUOSA 


Pl.lO  (PZ.S1875P1IX) 


^     SSD 


n 


CG& 


/WH^ 


m      ^ 


^  CD        CD 


n> 


Kaaliart  imp 


I  _5  TEETH  OF  DORCOPSIS  LUCTUOSA. 
6-10      •„         ,  „  MULLERl. 

I]_16      ■„  MACROPUS    BRUNII. 


ON  THE  MECHANISM  OF  THE  BIRD'S  WING. 


277 


43.  ON  A  POINT  IN  THE  MECHANISM  OF  THE  BIED'S 

WING.* 

Toe  beautifal  investigations  of  Borelli^  together  with  those  of  Page  82. 
M.  ilanej,  mjike  it  certain  that  in  any  organ  which  is  employed  as  a 
flapping  wing  there  must  be  a  stiff  or  rigid  anterior  margin.  In  the 
insect  the  stont  anterior  nervnro  performs  this  fnnction ;  in  the  bird 
the  bones  of  the  arm,  forearm,  and  manns  do  the  same.  How,  in  the 
latter,  this  necessary  rigidity  is  developed,  coneideriDg  the  presence  of 
the  elbow-  and  wrist- Joints,  mnst  be,  at  first  sight,  a  matter  of  enrprise. 
It  depends  on  the  mechanical  arrangement  by  which,  when,  in  the 
vfingi  the  arm  is  bent  on  the  forearm,  the  manns  is  always  similarly 
bent  on  the  forearm;  and  when  extension  of  the  forearm  is  made, 
extension  of  the  manns  equally  certainly  follows.  This  occnra  when 
all  the  mn soles  and  tendons  are  remoTed,  and  the  ligaments  binding 
the  bones  together  are  alone  left. 

The  explanation  of  this  mechanism  is  not  dlMcnlt.  The  arm  eon- 
Bists  of  one  bone  only,  the  hnmeriis  ;  the  forearm  of  two,  the  ulna  and 
radius ;  the  manuB  of  the  two  carpal s  together  with  the  metacarpals  and 
phalanges.  The  mntnal  relations  of  these  two  bones  are  such  that  the 
radius  and  ulna  move  one  above  another  like  the  two  limbs  of  a  pair 
of  drawing-parallels,  each  being  fixed  proximally  to  the  humerus  and 
distally  to  the  carpus.  The  plane  common  to  the  radius  and  ulna  is 
the  same  as  that  in  which  flexion  and  extension  of  the  elbow  is  per- 
formed, so  that  one  of  the  two  bones  of  the  forearm,  the  i*adin8, 
articalates  with  the  humcms  at  a  point  nearer  the  shoulder,  or  fnrtlier 
from  the  elbow,  than  its  companion^  the  nina.  At  the  wT*ist  the  radius 
is  consequently  superior,  articulating  with  the  carpal  bone  on  the 
poliex  side  :  whilst  the  ulna  articulates  with  the  other  element  of  the 
carpus.  This  condition  maintaining  the  parallel  movements  of  the 
radius  on  the  ulna  mnst  necessarily  be  attended  by  a  parallel  move- 
ment of  the  humerus  on  the  manns.  Wiicn  the  humerus  bends  npon 
the  ulna,  the  manns  therefore  similarly  bends  npon  tUe  forearm  ;  and 
the  triceps  mnscle  is  able,  unassistedj  to  maintain  the  whole  limb  in  a 
rigid  state  during  extension. 

In  making  a  wooden  model  of  these  bones  to  illustrate  the  above 
deicnbed  mechanism,  one  or  two  points  of  mechanical  detail  snggesled 
a  reference  to  the  shape  of  the  distal  end  of  tbe  humerus.     The  wing 


•  "  Prooe^dmga  of  tlie  Zuological  Society/'  1875,  pp.  82,  3.     Rvad,  Feb.  16, 
1875. 
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PigaSS,  in  the  living  bird,  whea  at  rest,  is  completely  folded;  and  when  falJy 
extended  forms  but  a  sligbtly  angular  rod*  To  allow  of  tbis  consider* 
able  range  of  movement  of  the  bones  of  the  forearm  on  the  hmneras, 
and  of  their  being  completely  folded  np,  it  m  necessary  to  attach  a  very 
projecting  hinge  at  tbe  portion  of  the  model  of  the  humerus  which 
represents  tbe  hnmero-ulnar  articulation^  otherwise,  when  fully  flexed, 
the  model  radius  would  not  bo  able  to  be  included  between  thie  then 
parallel  humerus  and  ulna ;  especially  as  the  radius,  to  get  in  its  fnllj 
flexed  position,  must  rotate  on  a  hinge  which  itself  projects  its  semi* 
diameter  at  hmst  beyond  the  humerus. 

These  requiremenfcii  explain  the  charaeteriatic  shape  of  the  disfal 
end  of  the  humerus  in  birds*  It  is  curved  towards  its  flexor  side,  and 
sharply  so  at  its  extremity  where  it  comes  in  contact  with  the  ulna. 
At  the  same  time  tbe  radius  articulates  with  it  on  a  well-developed 
knob,  sitaated  above  tbe  similar  surface  for  the  ulna,  and  to  it« 
outer  side  (which  allows  of  a  less  extensive  joint).  The  similar 
arrangement  required  at  the  wrist^joint  is  arrived  at  by  the  inter- 
polation of  the  carpal  banes  between  the  forearm  and  consolidated 
metaearpas. 

In  some  wings,  when  all  tbe  muscles  are  removed,  this  movement 
is  not  so  manifest  as  in  others,  there  being  a  certain  amount  of  in- 
dependent power  of  movement  in  the  manus  in  all  positions.  This  is 
much  reduced  in  the  living  bird  by  the  tendon  of  the  tensor  paXngii 
longm  iiiuscle,  which  runs  from  the  shoalder,  along  the  free  margin  of 
tbe  patagium,  to  the  wrist,  where,  in  being  attached  to  the  metacarpal 
mass  on  the  pollex  side,  it  aids  the  extension  of  the  manus  daring  the 
extension  of  the  foi^earm. 

The  mechanism  above  described  is  stated  by  Dr.  Alix*  to  hav«> 
been  first  indicated  by  Bergnmnn,  as  far  as  the  anatomical  arrange^ 
meut  is  concerned,  although  Strauss- Diirckheim,  in  his  *  Tboologie 
de  la  Nature'  was  the  fii-st  to  explain  it  fully.  Dr,  Alix  himself 
has  alsof  entered  into  the  detail  of  the  movement  **  of  elongation  " 
of  the  radius,  which  is  well  explained  in  his  large  work  above  referred 
to.  I  My  object  in  bringing  the  subject  before  the  Society  is  to  draw 
special  attention  to  so  important  a  point,  and  to  illustrate  its  action  by 
a  wooden  model,  which  demonstrates  its  accuracy  in  a  very  striking 
manner. 

It  may  be  here  mentioned  that  the  movement  of  the  general  plane 
of  tbe  wing  during  both  the  up  and  down  stroke,  which  by  Borelli  and 
his  followers  is  ascribed  to  the  elastic  yielding  of  the  feathers  in  birda^ 


•  *•  EMwi  »ur  I'appftPisil  locomoteur  dw  OisoAux/*  FariBi  187^  p.  23CL 
t  "  Bulleliu  de  k  Socioto  Pkilomathiiiue/^  1864. 
t  Lqc*  cii,  p.  330  et  seq. 
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and  of  the  wing-membrane  in  insects,  appears  to  me  rather  to  be  de- 
pendent  on  the  torsion  of  the  bones  or  main  nenmre  of  the  wing,  the 
power  of  lateral  flex^ion  in  which  is  proved  bj  M.  Marey's  discovery  of 
the  figiire-of-8  action  in  the  insect.  A  thin  wooden  lath  employed  as 
a  nervnre  to  an  artiiicial  wing,  if  set  with  its  narrow  section  vertical 
and  fixed  to  a  non~ yielding  horizontal  wing,  gives  a  vertical  figure- 
of -8  when  moved  np  and  down,  the  plane  chajiging  exactly  as  ifc  is 
described  by  M.  Marey  in  the  insect. 


44.  ON  THE  FORM  OF  THE  LOWER  LARYNX  IN 
CERTAIN  SPECIE^  OF  DUCKS.* 

The  present  oommnnication  contains  descriptions  of  the  condition  of  P»ge  151. 
the  lower  larynx  io  some  rare  members  of  the  AnaUdtVj  which  are  Bot 
referred  to  in  the  works  of  either  Mr.  Eyton  or  Mr.  YarrelL 

1.  Saecidioenis  MiLANOHOTA  (Gm.)  :  Sclater,  Rev.  Cat.  Vert,  p,  24L    Pago  152. 

To  Mr.  Eyton,  who  established  the  genna  to  which  this  pecaliar  bird 
belongs,  the  visceral  anatomy  was  nnknown  ;  and  I  am  not  aware  of 
any  snbseqnent  description  of  it  having  been  puhlisbed.  A  pair  were 
purchased  by  the  Society  on  the  18th  of  September,  186 7 » the  female 
of  which  died  on  the  10th  of  March,  and  the  male  on  the  18th  of 
October  last  year ;  these  are  the  specimens  which  1  have  examined. 
In  both  sexes  the  diameter  of  the  trachea  diminishes  slightly  at  its 
lower  extremity  l»efore  it  again  expands  a  little  to  end  in  the  syrinx. 
As  in  birds  generally,  the  tracheal  rings  are  complete  and  notched  in 
the  middle  line  before  and  behind,  in  snch  a  way  that  where  they  meet 
the  two  halves  overlap  and  are  overlapped  respectively  by  the  rings 
above  and  below  them.  The  lower  tracheal  rings,  however,  in  both 
sexes  are  much  thinned  in  fi'ont,  as  is  the  c^ise  in  the  male  of  Harelda 
glcLcialu  ;t  they  are  not  ossided  together. 

In  the  male  Sarcidiornis  melcmonota  (fig.  1)  there  are  20  anterior, 
membrane -covered  fenestrse,  formed  in   the  intervals  between    these 
thinned  rings;  in  the  female  (6g.  2)  them  are  only  12  of  the  same.  ^*8®  1-^3. 
In  the  latter  there  is  no  lateral  diverticnlnm  from  the  syrinx ;  but 
in  the  former,  from  the  left  side,  as  nsnal,  one  is  developed,  entirely 


•  "  Ppoooediiigs  of  the  Zoological  Society  "  1875,  pp.  151^6.  Rctwl,  March  2, 
1876. 

t  Vid^  figs.  Eyton'fl  **  Anatid^/'  pkto  opposite  p.  65 ;  Yiurreira  ••  Brit,  Bird«," 
vol  iii.  p.  261. 
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oaseoBB,  irregularly  compressed,  and  very  small,  not  having'  a  di- 
ameter in  any  part  greater  than  that  of  tho  trachea  itself  (vide  figs.  1 
and  2). 


Fig.  L 


Fig.  2. 


Fig.  a. 


ii 


Fig.  1.  Lower  part  of  trfl<?hea  of  SarctdiomiM  melamomota  ^  , 
Fig*  2.  Ditto  of  Sarv'kiiorm^  rnelanoitota  V  , 
Fig.  3.  Ditto  of  Rhodonexsa  catyoph^llaeea  $ , 

III  the  male  Bpecimcn  the  ciBca  are  3  and  2|  inches  long  *  in  tl 
female  not  quite  2  itichea.  Their  diameter  is  iiiconsiderahlo,  nol 
exceeding  ^  of  an  inch.  Tho  whole  intestinal  canal  measures  betweea 
4^  and  5  feet ;  and  the  gizzard  is  decidedly  small,  not  being  bigger 
than  that  of  a  common  Duck  {Anas  hoscas), 

2.  Rhodones^a  cartophtllacea  (Lath.). 

Anas  caryophijUacta^  SeL  *'  Proceedings  of  the  Zoological  Society/* 
1874,  p.  110. 

This  i-are  Duck  is  generally  placed  in  the  genus  Anas ;  by  Mr. 
Eyton,  however^  it  la  considered  to  belong  to  the  FuUtjuUnai ;  and  that 
ornithologist  puts  it,  along  with  FuUgula  mjina,  in  the  genns  CalUchefK 
A  pair  purchased  by  the  Society  on  the  1 2th  Januar)*  last  year, 
died,  the  female  on  the  11th  and  the  male  on  the  15th  of  March,  1874. 
From  these  two  specimens  I  was  able  to  remove  the  windpipes  for 
examitiatton.     The  structure  of  the  syrinx  of  the  mule  is  in  favour  of 


Fig.  4.  Lower  part  of  Irochea  of  RhydoneBta  cen^4>phtfilaeea  (f  (front  view). 
Fig.  5.  Ditto  (side  Tiew). 

simple.  The  lower  end  of  the  trachea  is  hardlj  contracted  at  all. 
There  ia,  howeveFj  a  alight  thinning  of  the  anterior  portions  of  some  of 
the  inferior  tracheal  rings,  as  in  the  female  of  SarcidwrHts  m^himmtila^ 
though  to  a  leaa  extent — a  small,  transverse,  anterior  fenastra  being 
the  result.  In  the  Rhodanessa  the  syrinx  proper  ia  nevertheless 
differently  conBtmctedj  the  last  five  or  six  tracheal  rings  heing  con- 
solidated together,  the  fenestration  being  situated  higher  up ;  whilst 
in  the  SarcuHornis  the  fenestration  of  the  nnauchylosed  rings  con- 
tinues as  low  down  as  the  bronchial  hifuixsation  (vitU  figs.  3,4,  and  5), 
In  the  male  Rhodoiiessa  carijophtfUacea  (figs.  4  and  6)  the  lower 
portion  of  the  trachea  ia  less  capacious  than  a  little  higher  up,  where 
a  sliglit  fusiform  dilatation  occurs.  Above  the  large  fijriugeal  box 
there  are  in  front  15  transverse  fetiestne  formed  between  the  thinned 
trachea.1  ringa,  as  in  the  Sarddioniis  and  Ilarehfa.  Below  them  the 
syrinx  is  formed  by  a  considerable  diktation  in  two  directions— one  to 
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the  left,  which  is  the  larger  and  has  semimembranous  walls ;  the  other 
slightly  to  the  right,  inferior  in  position  to  the  former.  This  latter  is 
simply  osseous,  no  fenestraB  being  present  in  it ;  it  intrudes  upon  the 
right  side  as  well  as  the  left  in  front.  The  last  12  or  so  tracheal  rings 
are  considerably  dilated  and  co-ossi6ed,  the  two  above-mentioned 
compartments  being  connected  with  the  cavity  formed  by  their  fusion 
through  a  single  left-sided  orifice,  the  left  bronchus  springing  from 
the  raembraniform  cavity. 

The  caeca  are  not  quite  equal  in  size,  being  2^  and  1|  inches  long ; 
the  whole  intestine  measured  4  feet. 

3.  Metopiana  peposaca  (Vieill.) :  Sclater,  Rev.  Cat.  Vert.  p.  265. 

Of  this  bird  Mr.  Sclater  mentions*  that  "  it  has  a  large  bulbous 
expansion  in  the  windpipe."  This  I  have  found  in  all  the  male 
specimens  which  I  have  examined.  Its  distance  above  the  bifurcation 
of  the  bronchi  is  best  estimated  from  the  accompanying  sketch  (fig.  6, 
p.  282)  which  is  of  the  natural  size.  A  similar  tracheal  dilatation  is 
to  be  observed  in  the  male  of  Melanitta  fusca,  that  in  Clangula  his- 
trianlca  being  much  less  considerable.  In  a  male,  purchased  on  the 
6th  of  July,  1870,  which  died  on  the  7th  of  January  last,  the  syringeal 

Fig.  7. 


Lower  part  of  trachea  of  Metopiana  peposaca  ^f  (side  view). 


•  '*  Proceedings  of  the  Zoological  Society,''  1868,  p.  146. 
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box  (see  Bgs,  6  and  7)  is  conBtructed  on  the  same  type  as  in  Ftdt^utd 
rufina  and  F.  ferituit  being  mostly  composed  of  membiune,  witli  an 
intersecting',  oblique,  simple  osaeous  bar  running  across  near  the 
npper  margin  of  its  outer  side*  Tkere  is  also  some  dilatation  of  the 
consolidated  rings  which  go  to  form  the  lower  portion  of  the  trachea; 
this  is  to  be  obseryed  on  both  the  right  and  left  sides,  the  box  being 
connected  with  the  latter  only.  In  the  female  no  box  is  developed. 
The  trachea  narrows  slightly  above  the  syringeal  box. 

The  csBoa  in  this  specimen  were  5^  and  6  inches  in  leogih,  the 
whole  iutestin^  canal  measuriiig  4^  feet. 


45.  ON  THE  FORM  OF  THE  TRACHEA  IN  CERTAIN 
SPECIES  OF  STORKS  AND  SPOONBILLS  * 


VngQ  297.  No  acconnt  of  the  pecnliarities  of  the  windpipe  in  Tantalug  this  and 
in  Flatalea  ajaja  has  yet,  to  the  best  of  my  knowledge,  appeared  in 
print.  They  cannot  bat  interest  ornithologists ;  I  therefore  append 
descriptions  of  them  from  specimens  which  Irnve  passed  throngh  my 
bands  as  Prosector  to  the  Society. 

In  the  Transactions  of  the  Linnean  Societyf  there  is  a  paper  by 
Mr.  Joshua  Brookes,  F.R.S.,  '*  On  the  remarkable  Formation  of  th© 
Trachea  in  the  Egyptian  Tantalui.**  The  author  does  not  mention 
the  sex  of  his  specimen,  and  does  not  refer  to  the  existence  of  any 
intrathoracic  or  any  other  loops ;  he  draws  attention  only  to  the 
existence  of  a  lateral  compression  of  the  portion  of  the  trachea  which 
is  contftinDd  within  the  thorax;  and  he  incidentally  refers  to  the 
Bimilarity  of  the  arrangement  of  the  windpipe  in  the  Spoonbill  and 
Tanttiltis  ibiSf  but  does  not  hint  at  the  points  in  which  they  agree. 

In  mOHt  species  of  Ciconiidro  the  only  peculiarity  of  the  windpipe 
is  that  the  bronchi  are  longer  than  in  other  birds,  the  bifurcation  of 
the  trachea  occtirrmg  at,  or  even  a  little  above,  the  superior  aperture 
of  the  thorax.  This  condition  I  have  observed  in  the  female  Ctcomui 
botjcUina  which  died  on  January  15th,  1874,  as  well  as  in  examplee  of 
C,  nut*jiian  and  LI  alba.  In  the  male  of  C*  nigra  the  bronchi  ars 
known  to  be  |>eciiliarly  loug,^  and  to  form  an  OQ^shaped  curve  enter- 


I 

I 


•  *'  Frocceding»  of  the  Zoological  Society,"  1875,  pp.  297-301.    Bend,  Apnl 
1876. 

t  Vol  %vl  p,  VM. 

X  **  ffauiuAiiti'i  Natucgeflchicbie  der  Vogcl  Dout»cldaii(U/'  ToL  tt«  p.  SS9. 
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ing  rtic  langs.      No   other  peculiarities  hare  been  descriliecl  amoiig 
the&e  birds. 

A  speeimea  of  Tantalus  ibis  was  purchased  by  tbe  Socieiy  on  the 
2Gth  of  Maj,  1873,  which  died  ou  the  12th  of  l^farch,  1875.  It 
proved  to  be  a  male.  The  following  is  the  arrangement  of  the  convo-* 
lutions  of  its  trachea  (see  figarCi  p>  286).  The  windpipe  descends 
the  neck  in  front  of  the  ODaophagus  without  any  peculiaritiea  beiDg 
observable^  the  rings  which  go  to  compose  it  being  exactly  like  those 
of  other  allied  birds,  circular,  complete,  elastic,  notched  in  the  middla 
lino  before  and  behind,  and  of  ordinary  depth.  Directly  it  reaches 
the  superior  apertnre  of  the  thorax,  betw^een  the  two  rami  of  the 
fnrcula,  a  suddea  change  occurs.  The  succeeding  rings  are  inelastic, 
from  being  ossified ;  and  they  are  ossified  together  ia  pairs,  so  that 
their  apparent  depth  is  more  than  double  that  of  the  cervical  rings, 
the  intermediate  membrane  being  included  iu  the  double  rings.  The 
depth  of  the  unmodified  rings  is  hardly  more  than  y*j  of  an  inch, 
that  of  the  intrathoracic  modified  ones  being  as  much  as  ^  of  an 
inch.  The  diameter  of  both  is  about  ^  of  an  inch ;  those  in  the  chest 
are  farther  peculiar  in  developing  a  slight  naedian  longitudinal  ridge 
along  their  posterior  surface. 

The  two  mmcuH  depressores  trachem^  after  running  dowu  the  wind-  Page  299. 
pipe  as  long  as  it  is  in  the  neck,  leave  it  together  as  it  enters  the 
chest  to  mn  to  their  insertions  behind  the  sternal  articular  ends  of 
the  second  complete  ribs,  the  left  one  crossing  in  fi"Ont  of  the  upper 
of  the  two  loops  described  below.  There  are  no  special  lateral  muscles 
running  to  the  syrinx* 

The  trachea,  modified  in  the  manner  aboTo  described,  continues  its 
normal  course  downwards  as  far  as  a  borizont^il  plane  cutting  the 
base  of  the  heart,  when  it  makes  a  fairly  gi*adual  turn  through  half  a 
circle,  directly  forward,  to  consequently  ascend  with  the  posterior  keel 
above  mentioned,  running  along  the  middle  of  its  convex  surface.  On 
reaching  the  level  of  the  symphysis  furculro  it  makes  a  second  semi- 
ci  re  alar  turn  to  the  right,  to  again  descend  nearly  as  far  as  on  the 
former  occasion,  and  making  a  third  similar  turn  to  the  left  whilst  in 
the  fold  of  the  first  loop,  ascends  a  third  time  as  high  as  the  line 
joining  the  two  sides  of  the  furcula — in  other  words,  to  the  very 
top  of  the  thoracic  cavity.  Here  it  turua  backwards  to  descend 
again,  in  contact  with  the  first  part  of  the  inti-athoraeic  tube,  to  its 
right  side,  as  far  as  the  level  uf  the  aj^ex  of  the  heart  and  the  com- 
mencement of  the  pro  ventrical  us  ;  where,  making  a  short  very  abrupt 
turn  forwards,  it  bifurcates  into  the  two  bronchi,  wliich  therefoi^, 
uniquely,  run  fi^uai  their  origins  upwards  and  outwards  to  their  re- 
[  Bpective  lungs.  In  this  third  and  last  descending  portion  of  the 
'  windpipe,  which  has  a  length  of  5 J  inches,  the  lower  3  inches  are 


IntniihornfU'  tvr>nTolution»  of  tlic  trnclieti  in  T^nttilH*  thU. 

fft  COHMSoidj  /,  furcuU;  p,  prorinitPiruliH  ;  r.A,  riglit  bronchus;  Lh  left 

bfonchu.* ;  */,  »ti'rnuiii. 


IN  STORKS  AXD   SPOONBILLS. 


287 


considemhly  flattened  in  what  would  be  the  lateral  direction,  which 
through  the  eonvolations  it  has  been  called  upon  to  make,  is  twisted, 
Ro  that  the  flattening  appears  to  be  nearly  an tero- posterior,  tho 
median  ridge,  developed  posteriorly,  being  placed  considerably  on  the 
right  side. 

About  an  inch  above  this  flexure,  in  which  the  bronchi  bifurcate, 
the  previously  deep  double  rings  suddenly  cease  to  be  developed  as 
such,  ai>d  return  to  their  normal  condition  Just  before  the  peculiarly 
situated  and  simple  syrinx  is  reached. 

There  are  altogether  82  of  the  ossiOed  double  rings  in  the  modified 
portion  of  the  windpipe. 

The  earlier  bronchial  rings  are  peculiar  in  being  deep,  the  fibro- 
cartilaginoua  rino-s  being  ossified  and  thickened  above  and  below  for 
a  certain  portion  (the  external)  of  fcheir  circumference. 

Flaialea  ajaja, — The  peculiar  convolution,  within  the  thorax,  of 
the  trachea  m  Plataha  lencorodia  ia  well  figured  by  Mr.  Yarrell.* 
The  arrangement  in  Platal^a  ajaja  is,  however,  quite  different.  A 
pair  of  these  birds  waa  purchased  by  the  Society  on  the  13th  of 
Angus t»  1870,  The  female  dying  on  the  27th  of  July,  and  the  male 
on  the  13th  of  Octeber,  1873,  have  given  rae  the  opportunity  of  ex- 
amining the  windpipe  in  both  sexes.  The  ti-achea  is  simple,  straight, 
ot  uniform  calibre,  and  peculiarly  short,  extending  only  two-tliirds 
down  the  length  of  the  neck,  where  the  uncomplicated  syrinx  is 
situated  and  the  bifurcation  of  the  bronchi  occurs.  The  usua!  pair 
of  mtiscles,  one  on  each  side,  runs  to  this  syrinx  from  above,  and 
ceases  there.  The  bronchi  are  fusiformly  dilated  at  their  oomraence- 
ment,  where  the  rings  which  encircle  them  are  not  complete,  a  raem*  Page  3iH. 
brane  taking  their  place  in  that  portion  of  each  tube  which  is  con- 
tiguous Uy  its  opposite  neighbour.  Each  bronchu9»  lower  down,  is 
composed  of  complete  cartilaginous  rings  {irtde  fig.  2,  p.  288). 

By  many  ornithologists  Tantahts  is  arranged  aloag  with  Phitalca 
and  Ihu^  instead  of  with  the  Storks,  Nitzgch,  in  his  ^*  Pterylo- 
graphy/*  places  it  with  Cictmia  in  his  group  Pelargi»  separating  off 
Flaialea  and  Ibis  te  form  the  Kemiqlottides.  In  the  **  Revised  List" 
of  the  Animals  in  tho  Society^s  Gardens,  Mr.  Sc la t^r  adopts  the  same 
arrangement.  In  my  paper  **0n  the  Nasal  Buiies  of  Birds/' f  it  ift 
mentioned  that  Plaffdia  and  HjU  are  schizorhinal — that  is,  have  the 
external  osseous  nares  split  up  in  a  manner  there  described,  in  which 
point  they  differ  from  the  rest  of  Prof.  Huxley *s  PelargomorpheB,  and 
therefore  from  TantfilNf!. 

There  are  many  other  structural  peculiarities  which  make  it  pcr- 


•  **  Britis!!  Birds/'  vol.  ii.  p.  50k 

t  *'  Prowedinic«  of  the  ZoologicTil  aocietj;*  1873,  p.  33,     (Snpm,  p.  Uk) 
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In  Ibis  and  Flatatea, 
The  sknll  is  scliizorhinal. 
The  angle  of  the  mandible  is 

prottnced  and  recurved. 

The  perloraUs  major  nauRcle  is 

simple,  not  being  Beparable  into 

distinct  Isjers. 

The  accessorfj  fenjoro^caudal 
mnsele  is  well  developed. 

The  semitejidtrioiin^  mnsele  is 
mQSCular  throngliout. 

A  small  mnscnlar  bellj  is  sent 
from  the  hveps  enhiti  to  the 
tendon  of  the  teusoT  paictgn  longits 
mnsele. 


In  Oicorh'ia  and  Tantalum. 

The  sknll  is  holorhinal. 

The  angle  of  the  mandible  is 
trnncated. 

The  pectoralis  major  mnsele  is 
in  two  layers,  a  auperlicial  and  a 
deep,  easilj  separable  one  from 
the  other. 

The  accessory  femorO'Catidal 
muscle  m  absent. 

The  semitendintMtig  mnsclo  is 
tendinous  for  its  distal  ball 

No  slip  leaves  the  htWpH  euhlH 
mnsele  to  join  the  temor  2>«^«i/tV 
longiis. 


46.  ON  THE   DISPOSITION   OF   THE   DEEP  PLANTAR 
TENDONS  IN  DIFFERENT  BIRDS.^ 


The  arrangement  of  the  tendons  in  the  palm  of  the  band  and  the  Page  839. 
sole  of  the  foot  among  the  Mammalia  is  a  subject  of  great  intricacy,  as 
may  be  inferred  from  the  comparison  of  the  dissections  of  different  Page  3^, 
animals  whose  anatomy  has  been  sufficiently  investigated.  Among 
birds  peculiarities  in  the  disposition  of  the  plantar  tendons  has  already 
attracted  the  attention  of  Professor  C.  J.  Sundevall,  who,  as  is  well 
known,  divides  the  Pas  seres  oif  from  all  other  orders,  and  includes 
Upupa  with  them,  because  in  them,  and  in  them  ooly,  the  tendon  of 
the  Jfezor  hntjus  hallttci^  mnsele  is  quite  independent  of  that  of  the 
flexor  perfiynms  diffiforuirt  I  whilst  in  other  birds  the  former  joins  the 
latter,  so  preventing  the  two  from  beiug  quite  independent  in  their 
action.  All  other  descriptions  which  I  liave  seen  of  special  dissectious 
have  been  confirmatory  of  this  vie\v;  and  my  own  observations^  w^ith 
but  a  slight  exception  in  the  caae  of  Botaurns^  to  be  mentioned  below, 
support  Professor  SundevalFs  separation  off  of  the  Passeres  together 
with  Uptipa  on  this  particular  character.  My  dissections,  however, 
have  shown  me  that  there  is  still  more  to  be  learnt  from  the  pkutnr 
tendons,  and  that  the  large  mass  of  birds  which  all  agree  in  that  the 
two   above-mentioned   deep    flexors   blend    together,   present  among 


•  *'  Proceodingi  of  the  Zoological  Society/*  1875,  pp.  339-48.    Eead,  April  20, 
1875. 
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themselves  pecnliarities  as  important  as  thai  which  so  definitelj 
characterizes  the  Passeres,  To  describe  and  to  endeavour  to  show  the 
bearing  of  these  differences  are  the  objects  of  the  preaent  paper* 

In  birds  generally,  whatever  the  nnmber  of  their  toes,  there  are 
two  mnscles  whose  fleshy  bellies  are  situated  in  the  leg  proper  (thai 
is,  between  the  knee  and  the  ankle),  deep,  and  just  behind  the  tibti* 
These  mnscles  arise,  one  from  almost  the  whole  of  the  posterior  sur- 
face of  the  tibia  and  from  the  fibula,  in  a  blpennilorm  manner,  and 
the  other  from  the  ioferior  surface  of  the  horizontal  femur,  just  be- 
hind the  outer  genual  articular  condyle.  Tho  former  is  termed  the 
Jleasor  ^erforans  digitorum  pedh^  because  its  terminal  tendons  per- 
forate those  of  tho  more  superficial  flexors  on  their  way  to  the  nngnal 
phalanges  of  their  respective  toes  ;  and  the  latter  is  termed  the  fleicr 
longus  JmUmia^  be<5ause  there  is  generally  a  shorter  muscle  to  the  sama 
digit. 

These  two  muscles  descend  to  the  ankle  (the  joint  between  the 
tibio- tarsus  and  the  tarso -metatarsus)  side  by  side ;  they  run  behind 
it^  in  the  fibro-cartilaginoue  or  osseous  mass  which,  in  birds,  is  always 
found  at  the  posterior  part  of  tho  upper  end  of  the  tarso-metatarse, 
in  two  canals,  deeper  than  any  of  the  other  flexor  tendons ;  and  in 
these  canals  there  is  always  a  definite  relation  between  them.  Some- 
times the  tendons  are  side  by  side  ;  and  then  it  is  always  that  of  the 
flexor  longus  JtaUucw  which  is  the  external  of  the  two,  the  osaeovs 
vertical  ridge,  which  is  nearly  always  seen  in  the  dry  bone,  separating 
them*  Sometimes,  however,  one  is  superficial  or,  in  other  words^ 
posterior  to  the  other.  When  this  is  the  case  it  is  always  theyiosor 
perforan4f  digitoruni  which  is  the  deeper.  In  the  Swifts,  for  infltajM>t> 
the Jlexor  hnrfus  halhtcis  quite  covers  the  flexor  perforems  di^torum ; 
but  in  most  Parrots,  as  may  be  seen  by  the  disposition  of  the  oesooii 
canals  in  tbe  dry  tarso-metatarse,  that  for  the  former  mnselo  is  ejEtg» 
nal  as  well  as  superficial,  only  partially  covering  it. 

These  relations  are  constant,  and  must  be  always  borne  in  mil 
Fflge  341.  in  all  attempts  to  identify  the  muscles.     From  these  it  can  be  inferredt 
as  is  verified  by  dissection,  that  the  tendon  of  the^t»aJor  hitgns  haliuei* 
crosses  its  companion  superficially  on  its  way  from  the  ankle  to  ita 
insertion  in  the  hallux. 

Just  before,  or  just  at  the  commencement  of,  the  sole  of  the  bird'ii 
foot  (near  the  joint  between  the  metatarsus  and  the  phalanges),  theee 
two  tendons  generally  split  up  to  supply  the  toes.  By  far  the  majoriH' 
of  tbe  families  of  birds  agree  in  the  distribution  of  the  termimd 
tendons,  conforming  to  one  common  type.  This  typical  arrangetii«iil 
must  be  first  described.  The  common  Fowl  (Qallm  bankiva)  is  a  ^er]^ 
good  example.  The  accomjjanying  diagram  (fig.  1)  will  asstat  ia 
explaining  it.     Tho  tendon  of  ilwflr^or  long  us  h  till  nets  descend  inff' 


I 


superficially  in  its  downward  and  inward  course  to  the  lower  surface 
of  the  base  of  the  hallux,  whence  it  traTerses  the  flexor  surface 
of  that  digit  to  the  base  of  the  ungual  phalanx  at  which  spot  it 
is  inserted.  The  flexor  performis  Mgttorum  cOBtinuea  down  to  the 
sole  of  the  foot  as  a  single  tendon,  where  it  immediately  splits  into 
three  parts,  one  to  the  ungual  phalanx  of  each  of  the  three  anteriorly 
directed  digits.  Opposite  the  lower  part  of  the  tarso-metatarse  the  Page  312 
flexor  longus  kaJhtcis  sends  downwards  a  fibrous  vinculum  (V)  which 
joins  the  flexor  pt  rf or  an  8  digit  ormn  tendon  just  he  fore  it  commences  to 
trifarcAte.  In  all  cases  this  vinculum  is  always  directed  downwards 
from  the  hallux- muscle  to  the  digits-muscle,  so  thatj  when  the  tendon 
of  the  flexor  perfarafis  digitorum  alone  is  pulled  upon,  the  three  anterior 
digits  alone  are  flexed  ;  but  when  the  flexor  Imigtts  huUttcis  is  put  in 
action,  the  digits  as  well  as  the  hallux  are  simultaneously  flexed. 

The  proportion  borne  by  this  vinculum  to  the  main  tendon  of  the 
flexor  longus  haUueis  varies  considerably.  In  some  birds  it  is  com- 
paratively feeble  and  insignificant ;  whilst  in  othera,  with  but  a  small 
hallux,  it  ia  mu^h  larger  than  the  hallucial  moiety,  and  seems  to  be 

tr  2 


hallncU  tendon  Bjilitfi  into  two  (after  it  has  given  off  the  vinculiuii 
to  tlie  flsxor  perforans)^  one  refinltingf  portion  going  to  the  nonnal 
hfillnx  and  the  other  to  the  snppleraentary  toe,  which  is  therefore  % 
hallux  alKO^  as  is  generally  supposed* 

This  manner  of  diBtribntion  of  the  deep  plantar  tendons,  which 
IB  that  found  in  a  great  number  of  birds,  may  be  sammariied  aa 
follows  : — The  flexor  petforans  dtgitomm  splits  opposite  tho  metft* 
'Fiig«843.  tarso- phalangeal  joint  into  three  tendons,  one  rtmning  to  the  nngitAl 
phalanx  of  each  of  tho  three  anteriorly  directed  toes*  The  Jieaof 
Umgttf  haUueU  ia  inserted  into  the  ungual  phalanx  of  the  hallux,  but  il 
sends  downwards  near  the  middle  of  the  tarso-raetatarsQS  &  vinculum 
to  join  the  tendon  of  the  jh^xur  perforans  digitorum  jost  before  the  tri- 
fnrcation  of  that  muscle  (figs.  1  and  7). 

This  condition   is   found    in    the    following   birds   which    I   have 
examined  : — 

MuftojJiaga  violacea, 
Schizorhis  a/ricana, 
Crotophaga  fuJcirodrh, 
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Sfidynamis  orientalis. 
C u c  uhis  € anorus, 
Nestor  noiahilis, 
Chrysotis  f estiva. 

Ara  chlompfera. 
Baza  lophotes* 

Sfffniiim  aluco  (vinculum  [very 
broad). 


Leptop t il us  anjala. 

Ardea  sumairajia  (irincfilum  very 

alender), 
*chierea   (vinculiim  scarcely 

exists)* 
CanGToma  cochleana, 
Geopelia  cun^ata. 
This  rubra. 
Flataleii  ajaja. 
Eurijpifga  helias. 


In  Ardea  ctnerea  and  in  A.  sumatranatheire  mentioned,  the  viecnlum 
is  elated  to  be  extremely  feeble.  In  Biftaurus  steUaris  this  conditiofi  is 
carried  a  step  fartber,  the  vinculum  being  quite  wanting.  Prof. 
Sundevall  states  that  sucb  is  tlie  case  only  in  the  Paeseres  and  in 
Upupa;  here,  however,  is  a  slight  exception  to  that  generalization. 

Frequently  the  vinculum  above  referred  to  is  so  considerable  in 
strength  that  it  makes  the  Jlejcar  lonfjiis  haliiut^  appear  to  fuse  with 
^eJlezoT  perforujis  dlgUorum,  and  only  to  send  a  slip  before  doing  so 
to  the  hallux.  This  condition  is  evidently  but  an  inconsiderable  modi- 
fication upon  the  previously  described  typical  arrangement  (fig.  2, 
p.  291).  It  is,  however,  a  stepping-stone  to  others,  which  it  assists  in 
explaining.  It  is  found  in  the  following  birds,  which  I  have  dissected 
(it  will  be  noticed  that  they  have  the  hallux  comparatively  iusignifi- 
caut)  ; — 


Apieryx  mantelli 
Nothura  maculosa, 
Chetudopex  agyptidcm. 


Cygnui  nigricoUU. 
Fodic^s  minor* 
Fhalacroooraz  carho. 


In  many  of  the  Accipitres  Diumas  a  shght  modification  of  this 
arrangement  is  observed.  The  Jlexor  loyigus  hallucls  divides  into  two 
moieties  opposite  the  lower  end  of  the  tarso*metatai*se,  one  of  which 
runs  to  the  hallux.  The  other  part  is  the  representative  of  the  vinculum 
of  the  above-mentiooed  birds  j  it  is  peculiar,  however,  in  that,  instead  of 
joining  the  tendon  of  the  Jiexar  perforana  digiiorum  before  it  is  dis- 
tributed to  the  anterior  toes,  it  mostly  rung  down  to  blend  with  the 
slip  which  is  associated  with  the  inner  of  these  (digit  2)  only  (fig.  3), 
This  condition  I  have  observed  in 

Haliaeiiis  alhicilla^  Tinnuncuhis  alaudarina. 

In  Geranoaetus  aguia   and   in   Folyhorics   brasilwiisis,  besides   the 
special  tendon  from  the  hallux^musele  to  tbe  second  digit,  there  is  a  Pago  344. 
broad  thin  vinculum  present,  as  in  GaUus.     In  the  Accipiti'es  Diurnje 
the  arrangement  of  the  tendons  therefore  dilFers  in  difierent  groups — ^ 


(ieaeriiaed  suumer:.  is.  F  liyg^irML  fftfuniftM,. ! 

this  icnirTncTL  is  cnminzied.  wick  &  igeejal  < 

^<rTL  Tr*T.i?n  2?^9kuiT    II  I  ■  liiti'B  US  ^0iw^  a£  ffiwim  .    T&v  i 

ccAtsTT-ni  izL  *:iii»  CftziiarziiiB  5s  izL  no  ww  aUxed  to  isj  of  i 

aiiiis  &ai':i:iift7  TTnpcpnaaiTi  poLns  ca  ufte  axxmj  ncnr  kwonim.  fe 

TTie  znd-sz  vrruLTSBiEnii  ss  be  'tiiscriiiefi  is  &  f«f  JZfljEUiift  ihcl  Tlw 
twc  iet^p  itiZ;:rH  -iesceiui  aeynmi  zhn  aokiie-jiaDis  ou2cpeBdeBSl)p;  as 
i»7ial :  ^i^r  pik'sizx^'  wnjiin.  zczuscally  axscizs  (ine-c&ird  dowm  Ike  tsno- 
mAf.Arjk;n4i,  zraj  ciemi  xmciiiceij.  W-jr?  &ilj  ^fp  kas  bceoL  ^crcn  oIL 
FrcizL  s2Le  CT:^;aL3i±ii  ien»L:xL  ^ia  cbmieti  the  nmiii'niif  of  ^taahmam 
scring:  ::izr  izL  nxm-er.  :iie  uc  :^  TiifcTT-jY  ami  oc&as  to  es^  of  the 
zk:^  iz-serior-.T  .iir«5t:T»i  -otes    ir-  -k  p.  ±}ti.'.  riias  to  cfae  fiarmer  being 

cbfierred  cLid  cchiIjilijil  ^  zhaz  <:f  die  Casnsradae — hoik  Cidk^twieg 
ttrriztiJk  acii  S^irxr^hz/nchu  rrj^lfu  poisfiessin^  is*  and  so  differing 
tiz.ziT^lj  fro  a.  soeir  suppcis^ii  &Iiie»  uu»  dizmal  Accxpicres^  Aaoong 
Afii'^dAl'-GcnaCiiui  cirid  "f^**  arr^nire3Cjen.ti  is  tstt  cobuxlvdIt  fouiMi;  I 

Ha'/c  ieen  is  is. 

Otl  lookiiv?  at  tl^e  pLortar  tenders  thus  siranged.  withoat  farther 
dia.-n^tkru  ti-e  *l:p  'o  the  halliii  fr»:nL  triie  oirnjirined  dtetp  fiexor  tendon 
sief:z:^x  to  =Tr:ni'  fr-:  =l  i'a  ii^*tr  zijkz  i*.  hAlI:i:iaI;  side) :  wheress,  from 
'Kij^z  La.*  c>^n  rai-i  ahove,  the  Ior.g  dei«:r  of  the  ^t^TInx  is  situated 
eiterTi;*:  tc/  th«r  o.z^z^'LiL  dTi:r.  at  the  aLile-joinc. 

t  art  her.  ir.  tL-r^e  biris.  ^c  ^rraizLir;^  aeon  the  distal  hallux  slip 
wlnh  or.e  La.nti.  -^t  :he  r-at-c  :izie  that  the  dL^taI  slips  to  the  remaining 
t«.fs  are  h^ld  in  the  -it her.  the  z^y  eltmeiLts  o:  the  conjoined  tendons 
tei.d  to  <:i'.  i'ie  cj.  in  the  dirtii'-ivn  of  the  al:inate  nbres  :  and  in  doing 
so  the  line  cf  m^trire  alwaj.  s  develops  in  such  a  way  that  it  leaves  the 
thus  further-sepanitcd  hallux  slip  stiJ  on  the  inner  side  in  connexion 
"with  the  main^^tw.  r  ^"I'-jr-it^.i  tendon. 

A  natural  condition,  like  this  thus  artificiallj  prodaced  one,  is 
fonnd  in  some  birds  closely  alitd  to  those  in  which  the  last  described 
arrangement  obtains.  It  is  found  in  J/  f  .:•<.*  U^f^-Hi^  Lacelo  ^jantea^ 
and  Merops  apiafUr.  In  tliem  the  tendons  of  the  /cjrtr  L-rifju^  hallucis 
and  ot  the  /ftvrt'r  perr'.ran^  dinC'.TK'.ra  pass  down  beyond  the  ankle-joint 
in  the  typical  manner,  the  former  external  to  the  latter  as  osoal. 
Opposite  the  upper  end  of  the  tarso-metatarse  the  jlej^or  perforans  digi- 
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torum  gives  off  from  its  imier  side  the  flexor  slip  which  supplies  the 
halliLz,  the  majority  of  the  tendon  descending  as  nsnal  towards  the 
foot.  Opposite  the  middle  of  the  tarso-metatarse  it  is  joined  by  the  Page  345. 
tendon  of  the  flexor  longtu  hallueis  on  its  onter  side,  whereupon  the 
conjoined  tendon  splits  into  three  divisions  to  supply  the  threie  anterior 
toes  (vide  fig.  5). 

The  peculiar  conformation  in  the  foot  of  the  Trogomda  is  associated 
with  an  equally  abnormal  arrangement  of  the  plantar  tendons,  which  I 
have  found  in  IS'ogon  puella  and  in  Pharomacrus  modrmo.  In  these 
birds  the  tendon  of  ih,efl,exor  longtu  hallueis  is  situated,  as  it  ought  to 


Fig.  5. 


Rg.6. 


in 
Momotut  lestoni. 


Trogon  puella. 


be,  external  to  the  fl^or  perforcms  dicfitorum  ;  it  also  crosses  it  super- 
ficially, opposite  about  the  middle  of  the  tarso-metatarse,  sending  down 
a  slender  vinculum  in  the  normal  manner.  The  peculiarity  is  in  the 
ultimate  destination  of  the  tendons,  the  flexor  longus  hallueis  and  the 
flexor  perforans  digitorum  each  dividing  into  two  near  the  metatarso- 
phalangeal articulation,  the  two  portions  of  the  former  tendon  running 
to  the  hallux  and  digit  2,  the  two  of  the  latter  to  digits  3  and  4  {vide 
fig.  6).  This  arrangement  is  not  found  in  any  other  group  of  birds,  as 
far  as  my  experience  goes. 
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BeBides  the  three  last  pecoliai'  arrangements  of  the  tendons,  whieb 
I  haTe  not  found  elsewhere  described,  there  is  another  still  more  pecu* 
liar  and  nneipected.     I  have  observed  it  in  all  the  Anomalogonafcoaa 
Pag©  346.  birds  with  scansorial  feet  which  I  have  eiamined^  and  in  them  onlj,  it 
being  present  in 


Megabcma  amaiica^ 
Qecinue  viridu^ 


Oaibiita  albirostnSy 
Urogalba  paradisea. 

It  ia  represented  in  fig,  8,  The  tv^o  tendons  desceiad  behind  tlti 
ankle  as  usual,  having  their  origins  tj'picaL  There  is  nothing  pecmliaf 
till  they  have  descended  two-thirds  down  the  tarao-motatars©,  Abcml 
opposite  the  middle  of  that  bone  the  flexor  long  us  haUucis  sendjj  a 
vincnlum  downwards  as  in  the  Fowl,  to  Join  the  tendon  of  thejZrasor 
perforari^  digitorum.  Just  above  the  metatarso- phalangeal  articnlatioa 
the  tendons  become  arranged  for  distribution  in  a  most  ancommoti 
manner.  The  tendon  of  the  flexor  perforans  digit^frum  does  not  split 
up,  bnt  rtma  to  one  digit  only^  namelj  the  third  toe,  which  ie  the 


Fig.  7. 


Kg.  a 


]TV 


n 


Ki 


III 


Crotophaga  suMrottrit, 


IV 


HI 

Megalama  atiatica. 


outer  of  the  two  that  are  directed  forward.  It  is  covered  snperficiaDj 
by  the  flexor  perforans  digitonim^  just  as  that  latter  muscle  is  splitting 
np  to  be  distributed  to  the  hallux  as  well  as  to  digits  2  and  4.    In  thaw 
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birds  we  have,  therefore,  the  flexor  longus  hallucis  arising  from  the 
lower  surface  of  the  femur  only,  mmiiiig  through  the  ankle  at  the 
outer  side  of  the  other  deep  tendon,  and  sending  a  vinculum  down- 
wards— all  of  which  are  special  characters  of  that  muscle  only,  it  being  Page  847. 
distributed  to  three  toes,  whilst  the  flexor  perforans  dig^itorum  only 
supplies  one. 

The  birds  with  scansorial  feet  thus  fall  into  two  divisions,  accord- 
ing to  the  arrangement  of  their  plantar  tendons,  these  being  normal 
in  the  Fsiitaci  and  Cuculidcey  whilst  they  are  extremely  peculiar  in  the 
PicicUe,  BainpTiastidw,  Capitonidce^  and  Qalhulidce,  In  my  paper  on 
the  Classification  of  Birds,*  the  presence  or  absence  of  the  amhiens 
muscle  made  me  feel  justified  in  placing  the  Psittaci  and  CuculidcB 
among  my  Hobialogonat^,  at  the  same  time  that  the  Pici,  BamphaatidcB, 
CapiUyiiidcE,  and  Qalhulidm  are  arranged  among  the  Anomaloqonatjb. 
These  new  observations  are  therefore  strongly  in  favour  of  the  natural- 
ness of  the  classification  proposed. 

There  is  only  one  other  point  to  be  considered  on  the  present  occa- 
sion, as  far  as  this  question  is  concerned.      It  is  the  distribution  of 

Pig.  9. 


A  typical  Passerine  Foot. 


•  '<  Proceedings  of  the  Zoological  Society/'  1873,  p.  626,  and  1874,  p.  Ill  et  m^. 
(^Mjpra,  p.  187,  et  seq.) 
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these  tendons  in  birds  which  do  not  possess  the  hallnxy  or  in  which 
there  is  no  long  flexor  tendon  to  that  digit  when  it  is  present.  In  all 
these  cases  both  the  flexor  longus  hcUlticU  and  the  flexor  perforaru  digi" 
tarum  mnscles  are  present  and  well  developed,  only  they  blend  com- 
pletely opposite  the  npper  part  of  the  tarso-metatarse  to  form  a  single 
common  tendon  to  be  distributed,  on  its  splitting  np,  to  the  anterior 
Page  848.  toes — to  the  two  of  Struthio^  the  three  of  Bhect^  Otis^  &c.  Dr.  Alix* 
has  described  how  that,  in  the  common  Swan  {Gygwus  dUjT\  theie  is 
no  long  flexor  tendon  to  the  small  ballnz.  I  have  not  examined  thai 
species ;  bat  there  is  nndoubtedly  a  small  one  in  0.  nigricoUiB^  0.  atra" 
tuSf  and  in  all  the  other  Anserine  birds  I  have  examined,  as  above 
mentioned.  However  I  have  fonnd  this  tendon  to  the  hallox  wanting 
in 

JRorra  africana^  Pygoscelea  papua^ 

Chauna  derhiana^  Podieeps  minor. 

Professor  G.  Snndevall  has  shownf  that  in  the  Passeres  and  in 
Up^^pa  epopa  the  tendons  of  the  flewor  longus  halluGis  and  the./Iem?r 
perforans  digitorum  are  quite  free  from  one  another,  not  being  united 
by  anyivinculum.  In  all  the  Passeres  which  I  have  examined  my 
observations  agree  with  these  generalizations.  However,  the  same 
condition  maintains  in  Botaurus  stellaris  and  almost  in  Ardea  dnereOf 
where  the  vinculum  is  scarcely  more  than  a  single  fibre  (vide  fig.  9). 


DESCRIPTION  OP  THE  FIGURES. 

In  all  the  figures  the  numbering  refers  to  the  digits  I,  II,  III,  IV,  repreeenting 
the  hallux,  second,  third,  and  fourth  digits  respectirelj.  In  all,  the  deep  plantar 
tendons  are  alone  represented,  and  these  from  their  plantar  aspect,  the  hallacial 
tendon  being  the  outer  of  the  two  at  the  heel-joint. 

Fig.  1.  Left  foot  of  Oallus  hankiva;  V,  vinculum  running  downwards  from  the 
outer  hallucial  tendon  to  the  inner  digital  common  tendon. 

2.  Riglit  foot  of  Apieryx  mantelli. 

3.  Right  foot  of  Tinnunculus  alaudarius. 

4.  Right  foot  of  Bucero9  rhinoceros. 

5.  Right  foot  of  Momotus  lessoni. 

6.  Arrangement  of  the  tendons  in  the  left  foot  of  Trogon  pveUa, 

7.  Right  foot  of  Crotophaga  sulcirostris. 

8.  Right  foot  of  Aiegalama  asiatica. 

9.  Right  foot  of  a  Passerine  bird. 

♦  •*  Essai  sur  I'appareil  locomoteur  des  Oiseux."     Paris,  1874,  p.  464. 
t  "  Method!  naturalis  avium  disponendarum  tentamen"  (Stockholm,  1872),  and 
elsewhere. 
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47.  ON  THE  HYOID  BONE  OF  THE  ELEPHANT.* 

Tab  hjoid  apparatus  of  the  Indian  Elephant  (Elephas  indicus)  Page  365. 
present  peculiarities  which  a  studj  of  the  same  in  the  Ungulata  would 
tend  to  complicate  rather  than  to  simplify.  The  basibyal  together 
with  the  thjrohyals  form  an  arch  (of  which,  by  the  way,  I  have  not 
seen  the  components  anchylosed  even  in  adult  specimens) — which 
does  not  present  the  least  difficulty,  a  small  pair  of  cartilaginous  lesser 
cornna  being  present  in  the  position  of  the  lesser  comua  of  anthro- 
potomy.  It  is  the  stylohyals  which,  as  far  as  I  can  find,  have  not  yet 
been  correctly  described.  Of  them  Professor  Owen  remarksfi  "  From 
the  middle  of  the  stylohyal  a  slender  pointed  process  is  sent  off  at  an  Page  866. 
acute  angle.*'  And  in  Professor  Flower's  "  Osteology  **  it  is  said  that 
*'  the  stylohyals  are  remarkable  for  having  a  long  pointed  process 
projecting  downwards  from  near  the  middle  of  their  posterior 
border."  Professor  Morrison  Watson  J  enters  fully  into  the  de- 
scription of  the  hyoid  muscles,  without  mentioning,  though  evidently 
correctly  understanding,  the  disposition  of  the  bones  with  which  they 
are  associated. 

From  the  above  remarks  it  is  evident  that  the  thick  short  portion 
of  each  stylohyal  is  assumed  to  be  the  body  of  that  bone,  the  pointed 
process  being  considered  to  be  an  accessory  part  of  it.  Such,  how- 
ever, is  not  the  case — the  slender  pointed  process  in  reality  corre- 
sponding to  the  long  body  of  the  stylohyal  in  the  Perrisso-  and 
Artiodactyla,  whilst  the  short  thick  process  is  the  posterior  descending 
process.  That  such  is  the  case  I  have  been  able  to  prove  recently  in 
two  specimens. 

In  the  Indian  Elephant  the  stylohyal  («  ^)  is  a  thin  bone  composed,  Page  867. 
in  the  adult  male,  of  a  flat  portion,  4  inches  long,  less  than  ^  inch 
thick,  and  very  nearly  |  inch  broad,  with  parallel  sides,  obtusely 
truncated  at  both  ends,  which  are  capped  with  cartilage.  In  the 
standing  animal  the  position  of  this  portion  of  the  bone  is  nearly  ver- 
tical.  Above,  it  is  closely  united  to  the  stylo- temporal  region  of  the 
skull,  whilst  the  lower  end  gives  origin  to  the  digastric  muscle.  From 
the  middle  of  the  anterior  border  continues  onwards  the  body  of  the 
bone,  at  an  acute  angle  with  the  lower  portion  of  the  above-described 

•  "  Proceedings  of  the  Zoological  Society,"  1875,  pp  365-7.     Bead,  May  4, 
1875. 

t  "  Anatomy  of  Vortebratee,"  toI.  ii.  p  441. 

t  '*  Journal  of  Anatomy  and  Physiology,*'  November  1874^  p.  131. 
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point  in  front,  wtere  it  givea  attachment  to  a  hardly  speoiallaed  i 
hyoid  ligament  and  serves  for  the  origin  of  the  stylo-glossna  mnsclit. 
The  interval  between  the  tip  of  this  stjlohjal  and  the  lesser  oomii 
(cartilaginomB)  of  the  hyoid  bone  ia  5  inches,  or  a  little  less  than  the 
length  of  the  process  itself.  As  it  descends  in  it6  downward  and 
forward  conrse,  this  tapering  stylobyal  curves  slightly  on  itaoH»  tarn* 
iug  a  little  on t ward 8. 

The  accompanying  flgnre  will  explain  the  condition. 
The  descending  digaatric  process,  aa  it  may  be  termed,  may  lie 
compared  to  the  posteriorly  directed  process  of  the  stylohyal  in  tbo 
Ungnlata.  It  differs  from  it,  however,  in  one  essential  partionlar, 
which  is  that  in  the  latter  it  docs  not  give  origin  to  the  digaeiric 
muscle,  but  only  to  the  stylohyoid ;  whilst  in  the  Elephant  the  dig^s- 
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trie  arises  from  it^  lower  end  onlj,  and  the  stjlohjoid  from  tbe  angle 
formed  at  its  juBction  with  the  body  of  the  bone. 

In  the  Elephant  therefore  the  deficiency  of  the  lateral  interme- 
diato  elements  of  the  hyoid  apparatus  permit  of  a  mnch  greater 
movement  of  the  base  of  the  toDgae  than  in  the  Ungalata,  whoso 
nearly  rigid  stylohyals,  epihyals,  and  cemtohyals  can  allow  of  little 
more  than  an  antero- posterior  movement  of  the  base  of  the  tongue,  in 
part  of  the  oircle  of  which  the  hyo-cranial  attachinent  is  the  centre. 


48-  REPORT   ON  THE  INDIAN  ELEPHANT  WHICH 
DIED  IN  THE  GARDENS  JULY  Im,  1875.* 
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On  May  let,  1851,  the  Society  purchased  of  Mr.  Batty  (then  of  the  Pago  542. 
Circus,  Westminster  Bridge),  for  £800,  an  adult  female  Elephm 
indicus  with  its  female  calf.  The  Bpociraens  had  been  deposited  in 
the  Society's  Gardens  on  the  1 9th  of  the  preceding  month.  In  the 
spring  of  the  year  1850,  John  Stimpaouj  now  keeper  in  the  Society's 
service,  left  the  E,I.  Company's  military  service,  and  when  at  Cawn- 
poor,  on  his  way  to  Calcutta,  met  an  animal- dealer,  ifr.  Wallace, 
who  was  on  his  way  to  Calcutta  with  the  female  and  calf  in  question 
as  well  as  another  Elephant.  Stimpson  is  sure  that  the  calf  was  born 
after  the  female  had  been  captured,  and  thinks  that  it  was  three 
months  old  when  he  first  saw  it.  He  assisted  in  taking  charge  of  the 
animab  till  they  arrived  in  this  country  r  they  were  five  months  on 
the  voyage. 

Of  the  two  specimens  purchased  by  the  Society  the  mother  was 
sold  on  April  28th,  1854,  to  the  Zocjlogical  Society  of  BmseelB,  the 
calf  continuing  to  suckle  until  that  date,  i.e.,  until  upwards  of  four 
years  of  age» 

It  is  this  calf  of  1851  which  died  on  July  ?th,  1875  (25  year^ 
old).  Tlie  Superintendent,  the  head  keeper,  and  the  Elephant- keepers 
are  of  opinion  that  it  continued  to  grow  until  within  a  year  of  its 
death.  Its  height  at  the  withers  at  the  time  of  its  death  was  just 
eight  feet. 

For  the  last  four  years  at  least  the  animal  has  lost  the  power  of 
extending  its  trunk,  from  paralysis  of  the  anterior  intrinsic  muscles 
of  that  organ.     It  has  thus  not  been  able  to  throiv  its  trunk  over  its 


•  '*  Frocoedingt  of  tli«  Zoologic&l  Society,"   1875,  pp.  542-3,    Head,  Not.  2, 
1875. 
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took  food  it  flexed  €B# 
This  Bjmptom   is  one 


Page  543.  head^  or  even  the  leaat  forwards.  When  it 
truok  so  as  to  preaeni  the  orifice  forwards, 
of  decay. 

For  the  last  two  years  of  ita  life  it  exhibited  marked  signs  of 
rheumutisniy  varying  in  severity,  very  considerable  at  times.  This 
waa  most  manifest  on  its  kneeling  do^vn  to  be  saddled. 

The  animal  during  the  last  three  years  of  its  life  looked  preter- 
natural! y  aped  and  worn  out.  It  has  never  suffered  the  least  from 
cough,  and  has  not  become  strikingly  thin*  It  carried  its  saddle  and 
visitors  30  hours  before  its  death,  apparently  without  discomfort,  and 
ate  well  on  the  evening  of  the  Gth  inst. 

For  about  six  months  the  animal  did  not,  as  it  was  formerly  wont 
to  do,  lie  down  at  night.  On  the  night  of  the  6th  of  July  it  fell  on 
its  left  aide,  and  did  not  anbsequently  make  any  powerful  attempt 
to  rise.  The  breathing  was,  when  down,  unusually  rapid  (about  25 
a  minute) ;  and  no  marked  symptoms  of  pain  manifested  themselves, 
general  discomfort  being  evident.  It  died  during  the  night  of  the 
7th,  having  at  8  30  p.m.  had  a  largo  dose  (over  100  grs.)  of  strychnia 
given  it  by  the  mouth.  Whether  the  poison  was  the  cause  of  death  is 
uncertain. 

With  the  exception  of  one  of  the  Innge,  all  the  organs,  the  bndn 
included,  were  perfectly  healthy*  The  lung  in  question  waa  almost 
entirely  infiltrated  with  tubercular  deposit,  not  more  than  one-sixth 
being  competent  for  the  respiratory  function*  The  tubercular  infil* 
tration  waa  uniform  or  nearly  so,  being  of  a  lighter  coloor  and 
nearly  in  a  condition  to  break  up  in  tbo  centre  of  the  organ,  forming 
a  dark  grey  solid  mass  in  the  more  recently  affected  portions  near  tlie 
margins. 

It  may  be  mentioned  that  the  teeth  just  coming  into  wear  liad«  in 
both  jaws,  23,  24,  or  25  plates ;  they  were  therefore  the  sixth  molars. 
The  epiphyses  of  the  long  bones  were  firmly  united. 

No  entozoa  were  found. 

As  to  the  duration  of  the  disease  it  is  not  easy  to  decide.  It,  no 
doubts  was  of  considerable  standing  ;  probably  it  had  commenced  with 
the  first  signs  of  decrepitude,  about  three  years  ago. 

As  to  the  cause  of  the  tuberculosis,  that  was  probably  connected 
with  the  animal  having  been  bom  and  bred  in  captivity  in  a  cold 
climate.  A  wild -caught  animal  4  or  5  years  of  age  would  prolxiiily 
have  thriven  better. 
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49.  NOTES  ON  THE  MANATEE  (MANATUS  AMERI- 
CANUS)  BECENTLY  LIVING  IN  THE  SOCIETY\S 
GABDENS,' 

(Plates  XI— Xra.) 

Uktil  the  arrival,  on  Angiist  the  6th  of  this  year,  of  a  living  female  Page  137. 
ilftimtee  in  the  Society's  Gardens,  very  fow  Europeans  had  had  the 
opportunity  of  seeing  a  live  Sireniati ;  and  those  who  had  previously 
been  so  fortunate,  had  not,  in  most  cases,  been  able  to  observe  it  under 
the  favourable  circumstaneea  of  position  afforded  by  a  small  shallow 
pond  approaehable  on  all  sides.  In  this  pond  it  was  not  the  least 
difficult  to  watch  the  creature  minutely  whilst  it  was  feeding,  as  well 
as  to  make  other  notes  of  ita  habits  which  would  necessarily  be  over- 
looked by  those  who  meet  it  in  its  native  hacints. 

Dr.  Murie,  in  bis  valuable  monograph  on  the  Manatee^f  justly 
remarks,  tbat  **  in  museums  it  ia  customary  to  see  aach  bloated  over- 
stuffed specimens,  that  from  them,  as  well  as  figures  extant,  an  unfair 
idea  of  the  configuration  is  obtained."  Dr*  Marie* s  own  illnatrations, 
with  tbeir  beautiful  textural  details,  represent  the  animal  mucb  more 
accurately.  The  only  fault  in  them,  if  it  is  a  faulty  is  rather  in  the 
opposite  direction  to  that  above  indicated  by  him.  His  specimens 
were  dead  and  preserved;  they  had  evidently  shrunk  slightly,  the 
living  animal  appearing  a  little  more  rounded,  and  presenting  less  well- 
marked  skin -folds. 

The  following  are  the  measurements  of  the  animal  which  I  have 
had  the  opportunity  of  dissecting,   taken  almost  immediately  after 

death: — 

Inchcfl. 

Total  length . * 80 

Circumference  (3  inches  in  front  of  umbilicus)  50 

Greatest  breadth  of  tail  (8  inches  from  end)  * .  19 

Umbilicus  to  anus ..*.....,  21 

Vulva  to  anus 4*25 

Circumference  at  root  of  tail  (7  inches  beyond 

anus)    .  _ 2875 

Length  of  tail-flapper 19'5 

Length  of  fore  limb    .  * 14 

From  eye  to  front  of  snout    ,..,,. 475 
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XXX.    Rcftd,  Noy.  16,  1875. 
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Tnclies. 

Breadth  of  snout  halfway  down   5*5 

Heigbt  of  snout  at  middle  line 3 

From  ear  to  ear  over  head 8'75 

From  eje  to  eye  above  head 6"4 

From  ear  to  eye  on  one  aide  .,.•.. 5"  75 

Pag©  138.        Whether  in  Dr.  Murie's  figured  Bpecfmcn  the  snout  and  front 

of  the  head  had  been  swollen  during  life,  whether  the  enlargement 
was  the  result  of  post  mortem  change,  or  whether  it  was  on  account  of 
the  yonth  of  the  individual,  that  part  of  the  body  is  represented  of 
considerably  larger  proportionate  aize  with  reference  to  the  rest  of  the 
animal  than  it  waa  in  the  Society's  living  example,  in  which  the  heaid 
was  more  distinctly  like  a  clean-cut  tmncated  cone,  witbout  any  well- 
marked  transverse  folds  or  appearance  of  pnffiness. 

It  is,  however,  in  the  oi^al  margin  of  the  upper  lip  that  the  dead' 
nms  of  Dr.  Mnrie'a  specimen  is  moat  manifest;  and  the  fact  that  the 
peculiarity  in  the  mechanism  of  that  organ  has  not  yet  (so  far  as  I  am 
aware)  been  described,  indicates  how  impossible  it  sometimes  is  to 
predict  special  functions  from  anatomical  stnicture  alone. 

The  upper  lip  is  prehensile;  in  other  words,  the  animal  is  aHe,  by 
its  unaided  means,  to  introduce  food  placed  before  it  into  the  mouth 
without  the  assistance  of  the  comparatively  insignificant  lower  Hp. 
To  understand  how  this  is  accomplished  it  is  necessary  that  the  stmo- 
tnre  of  the  labial  margin  should  he  described. 

A  frout  view  of  the  head,  Plate  [11]  XXVIII,  fig.  2,  shows  that 
on  each  side  of  the  narrow  median  portion  of  the  sapenor  labial 
margin  of  the  oral  orifice  depends  a  rounded  lateral  lip- pad  of  con- 
siderable size,  which  gives  a  deeply  notched  appearance  to  the  upper 
lip.  Of  these  lip-pads,  Dr*  Marie  tells  ns*  that  **  at  the  dependent 
angle  on  each  side  of  the  muzzle  is  a  circumscribed  oval  prominence 
half  an  inch  in  diameter,  where  the  ridges,  furrows,  and  bristles 
[found  elsewhere]  are  specially  pronounced.  This  spot  would  seem 
to  possess  most  tactile  delicacy ;  for  twigs  of  the  infraorbital  and 
facial  nerves  are  abundant  thereto The  above  dispo- 
sition strongly  reminds  one  of  the  moustachial  apparatus  of  the 
Walrus;  but  their  shortness  and  rigidity  render  them  mieqnal  to 
perform  the  office  of  a  sieve,  as  is  the  case  in  the  Pinniped:  thry 
therefore  incline  to  the  hirsute  covering  of  the  muzzle  of  the  Hip- 
popotamus/* In  auother  placet  the  same  author,  speaking  of  the 
lifting  mu55zlo  of  the  upper  lip  (the  levator  labii  mperiorU  proprius)^ 
remarks,  **  JIaiiy  vessels  penetrate  the  root  und  origin  of  this  levator ; 
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tLis,  no  doabt,  led  Vrolik*  to  regard  *  tho  strncturo  of  the  upper  lip 
as  plainly  an  erectile  tissue/  **  ObscrFationa  on  the  living  animal 
verify  the  correctness  of  Vrolik*s  snrmiso*  It  is  a  post  mortem  ehang-e 
which  causes  the  thickly  bristled  erectile  lip- pads  to  be  directed 
downwards.  In  the  living  animal  their  erectile  tissue  is  distended 
with  blood  on  most  occasions,  especially  whilst  feeding,  and  the  pads 
are  by  this  means  directed  inwards,  towards  one  another,  in  such  a 
way  that  the  deep  median  notch  which  they  go  to  form  is  even  deeper 
and  the  bristles  meet  across  tho  median  line* 

Further,  tbese  pads  have  the  power  of  transversely  approaching^ 
towards  and  receding  from  one  another  simultaBeonsly,  Plate  [11] 
XXVTTT^  figs,  1  and  2.  When  the  animal  is  on  the  point  of  seizing,  say 
a  leaf  of  lettnce,  the  pads  are  diverf^ed  transversely  in  such  a  way  as  to  Page  139. 
make  the  median  gap  of  considerable  breadth.  Directly  the  leaf  is 
within  grasp  the  bp-pada  are  approximated,  the  leaf  is  firmly  seized 
between  their  contignous  bristly  sarfaces,  and  then  drawn  inwards  by 
a  backward  movement  of  the  lower  margin  of  the  lip  as  a  whole* 

The  appearance  produced  by  the  movements  of  thi^  peculiar  organ 
is  very  much  the  same  as  that  of  the  mouth  in  the  silkworm  and  other 
caterpillars  whilst  devouring  a  leaf|  the  mandibles  in  these  insect 
larvfB  diverging  and  converging  laterally  in  a  ^ery  similar  manner 
dnring  mastication* 

As  to  the  mechanism  of  the  process,  the  erectile  natare  of  the  lip- 
pads  no  doubt  asslfttH  in  the  manner  above  indicated.  These  organs, 
when  dilated,  form  more  satisfactory  muscular  origins  than  when  flaccid. 
Innnmerable  transverse  muscular  fibi-es  connect  their  basal  portions, 
forming  the  bridge  above  the  median  lip-notch,  and  approximate  them* 
They  are  evidently  separated  and  diverged  by  the  Jevalor  lahu  supe^ 
riaritt prop7-ius^  which  is  almost  entirely  distributed,  in  its  insertion,  to 
the  considerable  amount  of  skin-covered  fibro-elastic  tissue  forming 
the  interval  lietween  the  nares  and  the  lip-margin* 

With  reference  to  the  valvular  mechanism  for  closing  the  nostrils 
during  submersion,  it  may  be  mentioned  that  these  circular  orifices 
have  each  a  flap  valve,  which  forms  tho  floor  or  inferior  wall  of  the 
D&sal  tabes  when  the  animal  is  breathing,  but  which  rises  and  com- 
pletely occltides  it  when  closed,  as  represented  in  both  the  figures  ou 
Plate  [11]  XXYIII. 

Looking  at  the  living  animal  generally,  the  most  striking  pecu- 
liarity was  the  shiggisbnesa  of  its  movemetits.  When  crossing  its 
pond  there  was  none  of  the  lateral  movement  of  the  body  so  charac- 
teristic of  the  Seals*     AH  flexions  were  up  and  down^  the  whole  trunk 
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bending  a  little  in  that  direction,  the  base  of  the  tail  doing  so  freely 
at  a  clearly  marked  transverse  fold-line  in  that  region. 

An  opportunity  occurred  to  me  for  seeing  it  out  of  water,  when  its 
pond  was  drained  dry  for  a  short  time.  From  my  observation  on  this 
occasion  it  is  perfectly  evident  to  me  that  the  Manatee  is  purely  aquatic 
in  habits,  and  that  it  never  willingly  quits  the  water.  When  on  laud 
it  seemed  perfectly  unable  to  advance  or  recede,  the  only  movements  it 
performed  being  that  from  its  belly  to  its  back,  and  vice  ver$d.  In 
these  it  made  use  of  its  limbs,  flexing  the  body  and  the  tail  at  the 
same  time.  When  resting  on  its  belly  it  seemed  extremely  uncom- 
fortable, apparently  on  account  of  difficulty  in  breathing,  which  it  is 
easy  to  account  for  on  the  assumption  that  the  weight  of  the  body 
being  supported  on  the  almost  ribless  anterior  walls  of  the  thorax  and 
abdomen,  compressed  the  abdominal  viscera  against  the  lungs,  and  so 
greatly  diminished  the  respiratory  movements.  It  would  not  remain 
in  this  position  for  any  length  of  time,  but  seemed  oomparatiyely 
comfortable  whilst  lying  quietly  on  its  back,  as  it  did  until  the  inflow- 
ing water  had  refilled  the  pond  sufficiently  to  allow  of  its  again 
supporting  itself  in  the  water, 
rage  140,  I  may  mention  that  the  power  of  moving  the  slightly  exserted 
elbow  was  considerable,  whilst  that  of  the  wrist  was  small  but  appa- 
rent. It  used  its  limbs  much  more  freely  than  do  the  Seals,  some- 
times employing  the  extreme  margins  of  the  paddles  to  assist  in 
introducing  food  into  the  mouth,  at  others  employing  them  in  pro- 
gression along  the  bottom  of  the  pond,  during  which  time  the 
swimming-tail  could  not  be  brought  into  play  to  any  extent. 

The  Manatee  came  into  my  hands  within  an  hour  or  so  of  its  death, 
and  one  of  the  earliest  things  that  seemed  desirable  to  do  was  to  obtain 
some  of  its  blood  for  examination.  The  first  cut  through  the  skin  was 
sufficient  to  prove  how  different  an  animal  it  is  from  any  of  the 
Pinniped  Camivora ;  for  instead  of  the  muscles  being  of  a  deep  almost 
black-red  hue,  as  they  are  in  the  Seals,  they  were  of  a  pale  pink, 
more  like  veal  or  pork  than  any  other  flesh  known  to  me,  much  lighter 
than  beef. 

The  blood-disks  are  circular  and  non-nucleated,  as  it  was  cei'tainly 
known  they  would  be.  Their  size,  however,  is  their  peculiarity. 
From  the  valuable  investigations  of  Mr.  Gulliver,  which  are  incor- 
porated in  their  entirety  in  the  Society's  **  Proceedings "  for  1875 
(p.  474  et  8eq.\  it  is  known  that  the  largest  mammalian  blood-disks 
are  found  in  the  Elephants  (ytVt  ^^  ^°  ^°^  ^^  diameter).  Great 
Anteater  (ir7W)»  Sloths  G^),  Aard-vark  GA^X  and  Walrus  (j^). 
In  the  Manatee  the  diameter  of  the  largest  reaches  jtVo  ^^  ^^  inch, 
othei-s  being  considerably  smaller. 

If  there  is  any  stress  to  be  laid  on  the  size  of  the  blood-disks  in 
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the  clafisification  of  animalf*,  as  it  seems  almoet  imposaiblc  that  there 
should  not  he  from  the  comparative  constancy  in  their  size  in  closely 
allied  species  and  genera,  then  the  relationships  of  the  Manatee  to  the 
Artiodactj'late  Ungalates  must  be  most  distant,  aa  small  size  of  blood- 
disks  is  a  special  peculiarity  of  those  latter  animals,  the  largest  being 
^ g\-^  of  an  inch  in  diameter,  namely  in  the  European  Bison  (Bison 
hnnassus).  In  the  Elephant  and  Edentates,  on  the  contrary,  the  blood* 
disks  are  particularly  large* 

With  reference  to  the  digestive  organs  there  is  not  much  for  me  to 
add  to  previous  descriptions.  In  the  stomach  of  our  specimen  the 
plications  of  the  mucous  mombraoe  were  slightly  different  from  the 
figures  given  by  Dr,  Murio.  Several  well-marked,  though  not  largo 
longitudinal  folds  run  along  the  lessor  curvature  of  tlie  first  cavity 
from  the  cardiac  orifice  to  the  entrance  of  the  sccood.  These  are 
boanded  on  the  vertebral  and  ventral  faccB  of  the  organ  by  a  largo, 
similarly  directed  fold,  which  imperfectly  Be  palpates  off  the  irregularly 
plicated  portion  in  connection  with  the  greater  cnrvature  from  that  in 
the  region  of  the  lesser.  The  mucous  membrane  of  the  second 
stomac^h  is  raised  into  rounded  anfiuctuous  folds,  much  like  those  of 
the  human  cerebral  surface,  The  muscular  parietes  of  the  whole 
organ  are  very  thick,  extraoi'dinavily  so  at  the  cardiac  end.  There  is 
no  pyloric  dilatation  of  the  duodenum.  The  intestines  in  their  mus- 
cularity are  very  cat-like.  A  large  number  of  vessels,  forming  quite 
a  rele  mirahih,  is  to  be  found  at  tlie  ileo-cascal  valve,  in  the  angle 
between  the  large  and  small  intestines.  As  Dr.  Murie  states,  the  ca?ca 
aud  the  commencement  of  the  colon  are,  when  undisturbed,  situated  PagelU, 
in  the  left  diaphragmatic  comer  of  the  umbilical  region  of  the  abdo- 
men.    The  following  are  the  lengths  of  the  intestinal  viscera  : — 

ft.  in. 

Small  intestine 31  2 

Large  intestine -      20  3 

Caeca  from  apices  to  ileo-c©cal  valve 0  3^ 

Each  ciecum  externally 0  1 J 

The  stomach  was  small  in  comparison  with  the  eizo  of  the  animal. 
The  same  may  be  also  more  certainly  said  of  the  bifid  heart  and  of  the 
lozenge-shaped  spleen. 

The  liver  has  a  very  peculiar  shape,  resulting  from  the  very 
aberrant  position  of  the  lungs,  which  much  curtail  the  transverse 
space  usaally  occupied  by  tlmt  organ,  Dr,  Murie  remarks,  "  In  siiu^ 
but  still  more  so  when  removed,  the  entire  liver  has  great  resemblance 
in  ahape  to  the  inflated  lungs  of  an  ordinary  mammal/'  This  accu- 
rate simile  would  be  even  more  so  if  the  organ  were  compared  to  the 
langsof  a  mammal  distended  with^  say,  solid  jelly,  and  then  cut  down 
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by  a  transverse  slice  wbich  removeii  about  one  fourth  their  bnlk  from 
their  apices.  The  liver  may  also  be  said  to  form  a  cylinder,  flattened 
from  before  back wardsj  trans veraely  trnncated  in  front,  and  irregnlarlj 
excavated  ijekind,  or  on  its  abdorajn/il  sarface.  The  heart  rests,  with 
the  intervention  of  a  fibrous  expansion  from  the  diaphragm,  on  tlie 
truncated  anterior  end  of  the  organ,  which  corresponds  to  the  dim- 
phragnmtic  surface  as  tisnally  described.  Its  dorsal  surface  ii 
separated  entirely  from  the  spinal  eolamn  by  the  interpolation  of  ih» 
lun^  between  the  two. 

The  bnlk  of  the  liver  is  formed  by  the  two  lateral  lobes, 
which,  at  the  anterior  eud,  are  wedded  the  central  lobes,  the 
which  is  conflidcriibl}'  the  larger.  The  drawings  (Plate  [12]  XXIX 
figs.  1  and  2)  will  explain  this  better  than  any  amount  of  description. 
The  suspensory  hgament  is  strong,  and  the  umhilictil  notch  smalL 
The  right  lateral  fissure  is  not  deep,  and  does  not  extend  up  to  the 
truncate  superior  surface,  whilst  the  left  lateral  is  considerable  and 
does  80,  "going  quite  to  its  vertebral  border.  The  caudate  lobe  ia  only 
a  slight  extension  of  hepatic  tissue  along  the  vena  cava  :  the  Spigelian 
is  elongate,  conical,  and  directed  backwards;  it  is  well  seen  in  tha 
tlor&al  view. 

Another   pecnliaritj  is   a   considerable   bridge   of  hepatic    tissi 
extending,  on  the   concave  abdoininnl  mi r face  of  the  liver,  from 
vertebral   jK>rtion  of  the   right  central  lobe   to  tlie  middle  of  the  left 
lateral  l«be.     This  bridge  is  not  quite  half  as  hi^oad  as  it  is  long,  and 
it    is    bent  into   a   semicircle,   the   convexity   of   which    is  dirixried 
abdominally. 

With  reference  to  the  parts  connected  with  generation,  my  obserra- 
tions  entiroly  agree  with  those  of  Dr.  Murie  so  far  as  the  mammary 
development  is  concerned.  No  teats  were  to  be  fonnd,  nor  any  decided 
Page  142,  indications  of  their  whereabouts.  Just  internal  to  the  ventral  inser- 
tion of  the  limbs  there  were  one  or  two  -slight  marailliform  thicken- 
ings  of  the  integunnent,  which  had  no  deeper-seated  glands  apparently 
connected  with  them. 

The  vagina  is  partitioned  into  two  parts  by  the  transverse  bytneo, 
111  which  two  email  apertures  exist,  each  not  more  than  i  inch  in 
diameter.  Tlie  one,  the  common  urinogenital  portion,  is  2|  inchea  long, 
with  the  median  urethral  orifice  just  in  front  of  the  hymenal  openiti|^ 
Between  it  and  the  short  prepuce-like  clitoris  is  a  blind  pocket,  josl 
large  enough  to  admit  the  ungual  phalanx  of  the  thumb.  The  tm* 
vagina  is  two  inches  in  length,  with  slight  irregular  foldings ;  its  walls 
are  dense  and  6 bro- cartilaginous  in  texture,  as  is  the  we  11- developed 
OS  uteri.  The  uterus  closely  resembles  that  of  the  Dngong,  its  comita 
being  5^  inches  long,  the  body  being  only  2 J  inches,  Its  lining  mem* 
brane  is  longitudinally  plicated. 
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Tbe  rudiment  of  the  ui*ac!iti3  is  more  preserved  than  usual;  and 
from  the  anterior  extremity  of  the  bladder  a  fine  tube  extends  along 
its  ftstis  for  a  short  distance. 

Dr,  Miirie  bas  described  and  fignred  the  brain.  He,  however, 
mentioned  that  tfie  Bpecimen  be  examined  was  not  in  the  most  tit  state 
for  investigation.  I  was  able  to  remove  the  organ  witbin  twentj* 
four  hours  of  the  animars  death,  when  it  wa^  not  in  tbe  least  injured; 
mj  opportunities  have  therefore  been  more  favourable,  and  the 
differences  I  have  detected  make  me  thiok  it  better  to  give  fresh 
illustrations  of  its  conformatioD.  The  brain  does  nut  present  con- 
volutions properly  so  called.  The  Sylvian  fissure  is  large  and  bifur- 
cates high  np  ;  it  ceases  some  way  externally  to  tlic  main  longitudinal 
fissure  of  the  brain ;  it  also  separates  sufficiently  at  its  origin  to  show 
tbe  sitaation  of  the  lobtts  opertai;.  A  hippocampal  sulcus  also  gives 
origin  to  tbe  hippocampus  major.  There  are  distinct  indications  of  a 
superior  frontal  sulcus.  The  calloso-marginal  sulcus  is  well  marked, 
continuous,  and  extends  far  hack,  ceasing  in  front  opposite  the  genu 
of  the  corpus  callosum.  Eeiow  this  point  tbe  frontal  lobe  extends  a 
great  distance,  as  is  clearly  shown  by  Dr.  Murie,  and  it  presents 
slight  indications  of  sulci  on  its  antero-inferior  angle  {vide  Plate  [13] 
XXX.). 

The  corpus  callosum  is  short  from  before  backwards,  and  in  a 
median  longitudinal  section  only  covers  tbe  anterior  and  a  Httle  of  the 
superior  border  of  the  thalamus  opticus.  Between  it  and  the  fornix 
no  septum  lucidum  is  developed,  the  precommissural  fibres  forming  a 
thick  median  longitudinal  plane,  extetidiog  from  the  corpus  callosum 
to  tbe  fornix.  The  anterior  white  commissure  is  small,  as  in  the  pineal 
gland.     The  corpum  quadrigemina  are  not  large. 

There  is  no  trace  of  a  posterior  horn  to  the  lateral  ventricle.  The 
hippocampal  sulcus,  however,  extends  so  far  up  above  the  posterior 
portion  of  tbe  thalamus  opticus  as  to  develop  tbe  basal  part  uf  the 
hippocampus  major  into  a  triangular  lobule,  partly  obliterating  the 
back  of  the  lumen  of  the  cavity  of  the  lateral  ventricles,  and  boumied 
along  its  base-line,  which  runs  from  behind  and  externally  forwards 
and  inwanls,  by  tbe  ample  fringe  of  the  choroid  plexus.  The  anterior 
horn  of  each  lateral  ventricle  is  deep,  in  correlation  with  tbe  great  Page  IP. 
extent  of  tbe  lobe  it  excavates.  The  walls  of  the  cerebral  hemi* 
spheres  are  not  at  all  thick,  the  lateral  ventricles  being  capacious. 

Professor  E.  R.  Lankester  being  specially  interested  in  tbe  ques* 
tion  as  to  the  cervical  nerves,  dissected  them  out  in  the  specimen 
under  consideration.     The  following  are  his  notes  on  the  subject  :^ 

"  Dr.  Murie,  in  his  paper  on  the  Manatee,  states  that  in  a  specimen 
dissected  by  him  there  wei-e  eight  pairs  of  cervical  nerves,  of  which 
two  pairs    issued  between  the  second  and    tbii'd    cervical  vertehrte. 
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Hence  he  is  led  to  infer  that  the  presence  of  only  six  ceryical  ▼< 
hrte  in  the  Manatee's  neck  is  to  be  explained  by  the  snpposition 
the  third  vertebra  is  suppressed,  leaving  the  two  pairs  of  cen 
nerves  before  and  behind  it,  respectively  third  and  fourth,  nnsepar 
by  a  vertebra.  My  attention  was  called  to  this  statement  by  Proft 
Edonard  Van  Beneden,  of  Li^ge,  who  two  years  since  diflsecti 
Manatee  in  Brazil,  and  having  especially  searched  for  Dr.  Mn 
third  and  fourth  pairs  of  cervical  nerves,  had  sacceeded  in  fin< 
but  one  in  the  position  indicated.  Professor  Van  Beneden  urged 
if  opportunity  should  occur,  to  examine  this  point  carefully  in 
Manatee  then  living  in  Regent's  Park.  I  was  kindly  allowed  to  n 
this  investigation  by  my  friend  Professor  Garrod ;  and  I  have  to  c 
that  the  following  result  was  obtained  by  making  first  of  all  a  dissec 
of  the  external  course  of  the  cervical  nerves,  and  subsequently  rei 
ing  the  skull  and  first  three  cervical  vertebrad  one  by  one,  so  as  to  t 
the  nerves  to  their  origin  in  the  medulla.  A  single  pair  of  ne 
issues  between  the  occiput  and  atlas,  a  single  pair  between  the  i 
and  axis,  a  single  pair  between  the  axis  and  third  cervical  vertebi 
single  pair  between  the  third  and  fourth  cervical,  and  a  similar  am 
ment  obtains  for  the  fourth  and  fifth,  fifth  and  sixth,  sixth  and 
dorsal.  The  piece  of  the  spinal  cord,  with  the  pair  of  nerves  atta 
to  it,  which  issues  between  the  axis  and  the  third  cervical  vert 
(hence  the  third  pair  of  cervical  nerves)  was  removed  by  Profc 
Garrod  and  preserved  in  spirit.  The  third  pair  of  cervical  nerv 
considerably  larger  near  its  origin  than  is  either  the  first  or  sei 
nerve  ;  but  the  most  marked  increase  of  bulk  is  observed  in  the  f oi 
which  issues  between  the  third  and  fourth  cervical  vertebrae.  T 
was  no  trace  in  the  specimen  dissected  of  any  additional  nerv 
of  any  structure  which  could  be  taken  for  such  a  nerve,  in  the  i] 
space  between  the  second  and  third  cervical  vertebne.  The  i 
cervical  nerve  is  conuected  by  a  slip  to  the  fourth,  and  fumi 
through  this  slip  the  highest  origin  for  the  phrenic  nerve. 

"  Dr.  Murie  does  not  expressly  state  that  he  followed  his  supf 
two  pairs  of  cervical  nerves  issuing  between  the  second  and  1 
vertebra)  to  their  origin  in  the  medulla ;  and  from  his  drawing  o 
justified  in  supposing  that  he  drew  an  inference  as  to  the  existen 
these  two  pairs  of  nerves  from  the  position  of  two  nerve  trunks,  ^ 
it  is  possible  he  would  have  found  united  to  form  a  single  trunk 
had  pursued  them  to  their  origin. 

"  The  fact  which  I  am  anxious  to  put  on  record  is,  that  ir 

Page  144.  Manatees  dissected  since  the  publication  of  Dr.  Murie's  stateme 

to  these  cervical  nerves,  careful  search  was  made  with  the  vi< 

confirming  his  statement,  and  the  condition  described  by  him  wa 

found  to  obtain  ;  but  the  usual  and  normal  arrangement  of  a  s 
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pair  of  cervical  nerves  between  each  sncoessive  pair  of  cervical  verfce- 
bra9  was  in  both  cases  ascertained  with  precision.*' 

Mr.  C.  S.  Tomes  has  also  kindly  examined  the  minute  stmcture  of 
the  teeth,  with  the  following  results : — 

"The  teeth  of  the  Manatee  present  several  peculiarities  of  struc- 
ture, and  the  resemblance  in  external  form  which  they  bear  to  those 
of  the  Tapir  is  not  fully  carried  out  in  their  histological  characters. 
I  am  not  acquainted  with  any  one  tooth  which  combines  the  characters 
of  the  tooth  of  the  Manatee ;  and  I  believe  that  an  examination  of  a 
microscopical  section  would  serve,  with  certainty,  to  identify  a  tooth 
as  belonging  to  this  creature. 

"The  enamel  which  thickly  coats  the  crown  is  peculiar,  in  that  its 
prisms  pass  from  the  dentine  to  its  surface  in  perfectly  straight  lines, 
so  that  there  is  none  of  that  crossing  of  the  contiguous  layers  (decus- 
sation of  the  enamel  prisms)  nor  of  that  waviness  of  course  which  are 
supposed  to  lead  straight  to  the  enamel  of  most  of  the  animals. 

**  The  whole  thickness  of  the  dentine  (in  very  tliin  sections)  has 
an  appearance  as  though  made  up  of  an  immense  number  of  globules 
aggregated  together.  This  appearance  is  a  commpn  one  in  very  soft, 
imperfectly  formed  human  teeth,  and  is  to  be  seen  in  the  Dugong  and 
in  some  Cetacea. 

"  The  dentinal  tubes  of  the  crown  of  the  tooth  give  off  very  many 
small  branches,  and  each  tube  terminates  in  a  very  large  elongated 
cavity,  of  irregular  outline.  It  is  common  enough  for  dentinal  tubes 
to  terminate  in  the  small  irregular  spaces  which  are  found  in  the 
periphery  of  the  dentine  of  the  roots  of  teeth  ;  but  such  a  termination 
beneath  the  enamel  in  the  crown  of  a  tooth  is  very  unusual. 

"  The  dentine  of  the  roots  of  the  teeth  is  permeated  by  a  series  of 
channels  far  larger  than  the  dentinal  tubes,  the  so-called  vascular 
canals.  These  leave  the  pulp-cavity  at  regular  intervals,  pursue  a 
course  towards  the  surface  of  the  root  similar  to  that  of  the  dentinal 
tubes,  and  terminate  by  anastomosing  with  their  neighbours,  and  so 
forming  a  network  of  loops  beneath  the  cementum. 

"  The  dentinal  tubes  between  the  vascular  canals  are  in  no  respect 
peculiar ;  they  are  mostly  cut  before  reaching  the  immediate  surface 
of  the  dentine,  which  might  be  described  as  coarsely  and  roughly 
ossified,  while  its  interior  portions  are  developed  with  perfect  regu- 
larity. The  vascular  canals  exist  in  the  dentine  of  the  crown  of  the 
tooth.  Of  the  cementum  there  is  nothing  to  be  said  ;  it  is  thick,  and 
its  lacuna)  are  richly  supplied  with  canaliculi. 

**  It  does  not  appear  to  me  that  the  histological  characters  of  the 
tooth  can  be  made  much  use  of  as  indicative  of  its  affinities ;  still  it 
may  be  worth  while  to  note  resemblances  to  the  Tapir's  tooth,  which, 
though  they  may  be  purely  accidental,  are  remarkable.     My  father,  in  Pago  1  Jt5. 
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1851  *  deecribed  the  teeth  of  the  Tapir  as  presenting  two  peenliariti^ 
— the  one  J  that  the  dentinal  tubes  of  the  crown  of  the  tcM>th  terminiite4 
beneath  the  enamel  in  oval  dilatationB,  a  mofit  nnusnal  manner  of  tar- 
mi  nation  ;  the  other,  that  vaficular  canala  were  to  be  foond  in  tba 
dentine  of  Us  root-s* 

*'  The  reg-nlar  oval  dilatations  whieh  terminate  the  coronal  dentiiml 
tubes  of  the  Tapir's  tooth  are  as  nothing  compared  t-o  the  great  cavitiei 
into  which  the  coronal  tubes  of  the  Manatee's  tooth  wonid  pass ;  and 
where  there  is  one  rage  alar  canal  in  the  dentin©  of  the  root  of  the 
Tapir's  tooth  there  are  fifty  in  that  of  a  Manatee,  Yet  it  is  I'^markable 
that,  hesides  an  extemal  similarity  of  form,  the  Manatee's  tooth  should 
present  what  might  be  called  an  immense  exaggeration  of  th©  two 
pecnharitiea  which  mark  the  dental  tissues  of  the  Tapir/* 


DESCBIPTION  OF  THE  PLATES. 

Plate  11.  (XXTIIL) 

I'rotit  riew  of  the  Bead  of  Manalua  ^m^rte^svfi  represeBting  the  tfxttcjne  povl* 
tioiii  of  the  pads  of  the  uppor  lip  in  the  zDOTementa  described  in  th/e  letXcr- 
preu. 

Fig.  1.  Lip-padi  ftppra:£in]ated. 

Fig.  2.  Iip-pad«  Ae^mmtod. 

In  both  figwres  the  noatriJi  are  represented  dosod. 

PLAT112.    (XXIX.) 

The  liver  of  Manains  ttmerieanut. 

Fig.  1.  Ventral  aapect. 
Fig.  2.  Dorsal  aspect. 

Plate  13.  (XXX.) 
The  brain  of  Manatus  cunericanut. 

Fig.  1.  Longitudinal  section  in  the  middle  line. 
Fig.  2.  Lateral  aspect. 

Fig.  3.  Superior  aspect,  the  upper  part  of  the  right  hemisphere  haying  been 
removed. 

Fig.  4.  Inferior  aspect. 


*•  Proceedings  of  the  Zoological  Society/'  1851,  p.  121. 
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50.  ON   THE    C^JCUM  COLI  OF   TllK  CAPYBARA 
( H  YDRO  CIKERIIS  CA  P  YBA  RA  )*♦ 

In  no  work  on  anatomy  \\\ih  winch  I  am  acquainted  can  I  find  any  P^ge  19* 
rt^ference  Ui  the  peculiarities  of  the  c»eunni  coli  tjf  the  Cap}  bara,  which 
are  but  an  extreme  exaggeration  of  those  observed  in  many  of  the 
allied  forms. 

In  most  of  those  mam  mala  in  which  a  caecum  is  prasent^  that 
organ  ia  simply  a  direct  contintiatioii  backwards  of  the  colon  beyond 
the  j>iaco  of  junction  of  the  small  and  large  ititestines.  In  some 
Rodents^  however,  this  m  not  the  case,  the  sacculated  csecura  in  them 
not  being  a  direct  continnation  of  the  larger  gut,  but  a  lateral  diverti- 
calura  from  a  true  but  simple  csecum. 

In  hi^i  account  of  the  anatomy  of  Capromys  fournien^'f  Prof.  Owen 
remarks  that  the  arrangement  at  the  ileo- colic  Junction  is  such  that 
**  the  two  orifices  of  the  blind  intestine  [that  into  the  ileum  and  that 
into  the  colon]  are  analogous  to  the  card i a  and  pylorus  of  the  stomach  j^' 
and  in  his  **  Anatomy  of  Vertebrates,* 'J  the  same  illustrious  author 
tells  UB,  with  referencQ  to  the  same  animal,  that  **  the  cajcum  is  marked  Page  20. 
off  from  the  colon  by  a  valvular  structure,  similar  to  that  at  the  end 
of  the  ileum/*  Thia  is  an  approximation  to  the  condition  which 
obtains  in  the  animal  under  consideration. 

In  the  Capybara  the  small  intestine  enters  the  enormous  sacculated 
csecum  at  about  an  inch  from  its  open  extremity,  and  its  relatione  to  it 
are  not  in  any  way  peculiar.  The  sacculated  caecum  is  nearly  two  feet 
long,  and  ia  traversed  by  four  longitudiual  bands.  At  its  open  end, 
which  is  an  mch  beyond  (that  is,  further  from  the  ca>cal  extremity 
than)  the  ileo-ccecal  valvc^  it  is  constricted  by  a  circular  sphincter 
muscle^  which  forma  the  orifice  of  communication  with  the  rest  of  the 
cylindrical  large  intestine.  The  colic  surface  of  this  sphincter  is 
situated  in  the  side  of  the  colon,  three  inches  from  the  blind  extremity 
of  a  true,  fiimple,  thick- walled,  slightly  pyriform  ciecum,  which  is 
directly  continuous  with  the  colon,  and  is  indistinguishable  from  it  in 
structure.  This  second  coscum  is,  as  indicated  aboi^e,  three  inches 
from  the  extreme  end  to  the  centre  of  the  orifice  by  which  it  com- 
municates with  the  sacculated  one.  Superficially  ita  longitudinal 
muscular  coat  is  strongly  marked,  covering  it  perfectly  uniformly. 


**  Proc6eding8  of  the  Zoological  Society^*   1876,  pp.  19-22.     Bead,  Jan.  -4, 


1876. 


t  "Proceeding*  of  the  Zoological  Society/*  1832^  p.  70. 
X  Vol.  iii.  p,  425. 
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Sacculated  and  eimple  cwvn  of  the  Capjbara,    Tlje  coot iumit ion  of  the  colon  b  i 
at  a*    Tlie  snml]  intcitine  at  iU  termiDatioa  ciumot  be  seen,  bt^lng  liiddfii  la 
tlie  proiinml  angulur  bend  of  the  wcoulat^  cajcum, 

Pago  21.        Tlie  ileo-crecal  valve  is  linear  and  longitiidiiial  j  it  projects  a  sbort 
distance  into  the  soccnlated  cfflcum  from  above  as  a  tube  with  sliglitlj 
turned  lips^  of  which  the  inferior  is  a  little  the  longer  and  lai-ger,! 
There  are  some  thickened  gland- patches  in  the  sacculated  cnecura,  andl 
a  large  one  in  the  colon,  at  the  margin  of  the  sphincter  which  is  towardii| 
the  continuation  of  the  large  intebtine;  three  or  four  others  are  situate 
irregularly  in  the  walla  of  the  true  csecnm. 

The  disposition  of  the  colon  m  peculiar  and  intereating.  The 
accompanying  sketch  (fig,  2)  will  explain  it  best.  It  was  taken  from 
the  view^  obtained  of  them  as  the  animal  lay  on  its  back»  As  is  well 
known,  the  large  int-estine  commences  in  the  left  hypochondriac  region, 
the  true  coecuna  capping  the  end  of  the  sacculated  one  anteriorly.    The 

Pago  22,  g^^  then,  with  a  curve  to  the  right,  runs  back  to  the  hypogastric 
region,  where,  with  a  reversed  figure-of-eight  twist,  it  gets  into  th© 
normal  position  of  the  ascending  colon.  It  so  reaches  the  right  hyj 
chondriac  region,  and  then  commences  to  form,  in  the  transverse  colon/' 
coils  very  similar  to,  though  on  a  smaller  scale  than  those  in  huJris 
among  the  Lemurs  and  in  the  Art  lo  dactyl  ate  Ungulata.,  the  much- 
developed  loop  being  twisted  on  itself  to  the  left  side*     After  roach- 
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Fig.  2. 


Diagram  of  the  conTolutions  of  the  colon  in  the  Cspybara.  The  dotted  line  repre- 
sentfl  the  cscum  springing  from  the  side  of  the  dilated  end  of  the  largo  intes- 
tine, and  running  forward  to  the  diaphragm,     a,  ileo-ciecal  yalre ;  b,  rectum. 

ing  the  left  hypochondrinm  the  descending  colon  continues  straight  to 
the  sigmoid  flexure,  which  is  strongly  developed,  and  thence  to  the 
rectum. 

The  sacculated  caecum  being  bound  to  the  first  part  of  the  colon  by 
bands  of  equal  length  (about  2^  inches),  follows  the  course  of  that 
canal,  and  is  therefore  doubled  on  itself,  not,  as  Prof.  Owen  remarks, 
occupying  the  posterior  half  of  the  abdomen,  but  running  forwards 
towards  the  diaphragm,  above  the  colon,  till  its  caput  arrives  in  the 
right  hypochondriac  and  epigastric  regions,  where  the  ruminant-like 
coil  above  referred  to  is  strongly  bound  to  it  on  its  under  or  ventral 
surface. 

Neither  in  Cavia^  Bolichotis^  CapromySj  nor  in  any  of  the  allied 
forms  with  which  I  am  acquainted,  does  the  strong  sigmoid  curve  of 
the  large  intestine,  at  the  commencement  of  the  sacculated  C89cam, 


ileT'eloii  into  &  true  secamdiiry  cacam  in  tlie  nmtme?  thai 
the  Capybtra. 

WLikt  on  the  subject  of  tlie  riscera  of  the  Ca|ijbar»,  ibe  fallowio^ 
tDeasnreinents  of  those  of  an  adult  male  will  not  be  oot  of  place — 
small  inteetine  21  feet,  large  mteatme  G  feet  7  inches^  cmcnan  1  fucit 
10  inches. 

The  liver  is  comparativeljr  simple.  The  gidUbladder  is  pjTifona, 
situated  in  a  cjstic  foiiga^  not  reaeking  the  free  margin  of  the  glAiiiL 
The  right  central  lobe  is  slighttjr  more  bulky  than  ibe  left  lat^i^, 
wliicli  ii  more  than  twice  the  size  oF  the  left  central,  wbicb,  agiuiXf  ^ 
somewhat  larger  than  the  candate.  The  Spigelian  lobe  is  miniitei  miMl 
bifid  as  in  so  many  Bodeuts, 


^ 


51.  ON  A  PECULIARITY  IN  THE  CAROTID  ARTERrES, 
AND  OTHER  POINTS  IN  THE  ANATOMY,  OF  THB 
GROUND-HOKNBILL  {BUCORVUS  ABYSSiyjCUSj,^ 


Pflg»  60.  A  SPKCDIEH  of  Bncorptis  ahj^^inictm  baYing  rccentlj  died  m  ibo 
Bocietj^s  Oardene,  I  have  had  the  opportunity  of  examiniEig^  the 
anatomy  of  that  genua  fbr  the  first  time.  In  all  respects,  excepi 
the  one  to  be  referred  to  as  i^egards  its  arterial  system  and  a  oiinor ' 
myological  feature,  it  agrees  with  Buceros.  As  is  the  case  in  all  iho 
BucerotidaB,  there  was  not  a  trace  of  fat  to  be  fonnd  on  any  part  of 
the  body  of  the  adult  bird,  though  it  may  be  present  in  jonng 
individuals;  and  the  air-cells  extended  so  extensively  among  the 
muscles  that  on  removing  the  skin  no  dissection  was  required  to 
display  each  muscle  from  origin  to  insertion.  The  muscular  tisane 
was  also  strikingly  compact  and  dry,  as  in  the  Hares  among  mam- 
mals, in  which  animals  also  it  is  known  that  fat  is  never  deposited. 
The  oil-gland,  as  in  BiiceroSy  instead  of  being  simply  tufted,  was  also 
covered  with  a  dense  mat  of  short  feathers,  about  a  square  inch  in 
area. 

In  Buceros,  as  in  most  birds,  the  two  carotid  arteries,  immediaielj 
they  separate  from  their  respective  innominate  arteries,  converge,  and 
meet  before  they  have  gone  any  considerable  distance  up  the  neck,  to 
run  together  in  the  median  hypapophysial  canal  on  the  anterior  sur- 
face  of   the   cervical  vertebrae.     In   some   Parrots  the  left  carotid, 

•  '*  Proceedings  of  the  Zoological  Societj,"  1876,  pp.  60,  61.  Bead,  Jan.  18, 
1876. 
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instead  of  coursing  the  above- mentioned  canal  with  its  fellow,  mna 
up  along  the  side  of  the  neck  together  with  the  left  pnenmogastric 
nerve  to  reach  the  head.  In  Burorvtui^  in  the  specimen  dissected  by 
me  at  leant,*  a  fnrther  extenmon  of  this  peculiarity  obUina  ;  for  both 
the  carotids,  inatcad  of  meeting  and  running  together,  coarse  np  the 
ifid^g  of  the  neck  in  company  with  the  pnenmogastric  nervea  and 
jugular  veins  of  their  respective  sides,  as  they  do  in  mammals,  and  in 
no  other  birds^  as  far  as  I  am  aware.  Another  peculiarity  is,  that 
these  abnormally  placed  carotids  are  particularly  small  in  calibre  5  and 
I  noticed  that  the  vertebral  a  were  as  conspicuously  large,  evidently  to 
make  up  the  blood -sup  ply  of  the  heati.f 

As  to  the  visceral  anatomy,  it  may  be  mentioned  that  the  uuLformly 
cylindrical  crop  leads,  through  the  zonary  proven tricnl us,  to  the 
stomachy  which  is  much  like  that  of  Bucero^,'l  but  more  muscular,  and 
with  the  dense  epithelial  Hning  mach  more  firmly  attached.  The  in-  j 
testines  are  particularly  capacious,  being  quite  an  inch  in  diameter  j 
they  are  four  feet  in  length,  and  have  no  colic  c«eca  connected  with 
them.  The  liver  has  a  gall-bladder;  and  the  left  of  the  two  lobes 
which  go  to  form  it  is  a  little  the  smaller.  In  the  syrinx  there  m  a 
pair  of  intrinBic  muscles  to  the  first  bronchial  half-ring.  The  tongue 
is  almost  as  email  as  it  is  in  the  Pelicans. 

Myologically,  of  the  five  mascles  in  the  thigh,  which,  in  my  estima- 
tion, are  specially  signiEcant,§  the  ambiens  is  absent,  as  are  the 
femoro-caadal  and  the  accessory  femoro- caudal,  tlio  eemitendinosua 
and  the  accessory  semi  ten  dinoaus  being  well  represented.  In  this 
respect  Bn^'orvfts^  therefore,  differs  from  Bueeros  and  Toccus^  the 
fern  oro*  caudal  1 1  muscle  being  present  in  the  two  latter  genera.  As  is 
most  probably  known  to  many,  BucmDus  walks,  placing  one  foot  in 
front  of  the  other,  whilst  Buceros  always  hops,  with  both  feet 
together. 


»6L 


•  A  aeconrl  ftppcinien,  sinee  reofi?ed,  eotirdj  agr«ea  witli  the  aboTe  di?senption. 

t  [On  tliii  «ybject  Mr.  W.  Ottlcy'a  paper^  *'  A  Description  of  the  V<=^i4*olfl  of  the 
Ni'ck  and  Head  in  tho  Oronnd-lIombiJl  "  {^*  Proecedings  of  tlip  Zooloj^ical  Society," 
187S),  pp.  461-7),  may  be  consulted.  The  authors  inTcstigation  into  the  subjoct  wa« 
imdertaken  ut  Gurpod^s  BUggeetion.— Ed.] 

J  Vide  *'  Tmn«ictioji9  of  the  Z^jological  Society/*  vol  I.  Plate  XVI IT,  p.  122. 

§  "PpoceedingB  of  the  Zoological  giwiety/*  1873,  p.  626,  and  1874,  p.  111. 
(5wjwa,  p.  lf*n  et  Jif^q.), 

II  [Called,  by  a  misprint^  the  aecettory  fcmoro^caudal  in  the  origiuid.  The  letter 
tnuscle  h  absent  in  all  Anonialogonntous  birds. — EdJ 
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52.  ON  THE  ANATOMY  OF  CHAUNA  DERBIANA, 
AND  ON  THE  SYSTEMATIC  POSITION  OF  THE 
8CREAMERS  {PALAMEDEWJi),* 

(Pktea  XIY^XVn). 

Pago  189.  In  his  memoir  *'  on  tlio  systematic  position  of  the  Crested  Sercmner 
{Falamedea  chavana)^''  puhlished  in  the  "  Proceedings  *'  of  thta 
Society,t  Prof,  Parker  has  placed  that  bird  among  the  Arujorea, 
away  from  the  RallidiBj  with  which  it  had  been  generally  asfio< 
In  hia  '*  Classification  of  Birds/^J  Prof.  Huxley  adopts  the  Hame  ¥iew 
as  Prof*  Parker.  Both  these  distinguished  authorities  base  their 
opinionfl  on  anatomical  considerations;  it  therefore  bt^hoves  me  to 
attempt  to  substantiate  the  different  views  expressed  by  me  in  tnj 
paper  "  on  certain  muscles  of  Birds,  and  their  value  in  Ckssifici*- 
tion/'§  as  it  is  so  considerably  at  variance  with  that  of  the  aathorities 
just  mentioned. 

The  j^Tcat  extent  to  which  the  skeleton  is  permeated  with  air  ren- 
ders the  features  presented  by  the  diS'erent  hones  of  Chauna  leas 
distinctive  than  in  the  majority  of  birds.  For  this  reason  the  aofi 
parts  will  bo  first  considered. 

Cutaneous  System,  Piertflosh, — Nitzsch  has  described  the  ptery. 
losis  of  PaJamedca  cornuia  and  Chamia  chavan'a;  and,  as  might  be 
expected,  0.  derhiana  does  not  differ  in  any  important  particulars  from 
the  latter.  As  he  remarkSf  the  most  At ri king  point  observed  in  th« 
plncked  bird  is  the  extreme  whiteness  of  the  finrface>  which  depeni 
on  the  fact  that  the  skin  is  almost  universally  emphysematous  to  tl 
depth  of  nearly  a  quarter  of  an  inch.  On  pressing  with  the  finger, 
the  characteriatic  crackling  of  a  tissue  filled  with  air  is  most  marked, 
the  only  places  in  which  it  is  absent,  or  nearly  so,  being  the  anterior 
surfaces  of  the  upper  ends  of  the  tibia,  and,  to  a  less  degree,  two 
triangular  spaces,  equilateral,  w^ith  their  bases  towards  the  middle 
line,  situated  one  on  each  side  over  that  part  of  each  pectoral  region 
which  is  near  the  head  of  the  humerus,  in  the  apex  of  the  larger 
triangular  surface  bounded  by  the  superior  and  axillary  margins  of 
the  great  pectoral  muscle* 

•  "  Proceedings  of  the  Zoological  Society,**  1876|  pp.  18&-200.    Plate*  Xll— 

XV.  Bead,  Ft>b.  1.  1876. 

t  "  Froceedingi  of  rhe  Zwlogical  Society'*  18l»3,  p,  511. 

I  "  Procecditiga  of  tlu'  Zoological  Society,"  1HI»7,  p,  415, 

§  *♦  Proo<?edingi  of  the  Zoological  Society/'  187i,  p.  111.     {Suprf'i   I*  -'^  ) 
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In  the  Gannet  and  the  Pelican  tlio  akin  is  likewise  emphyse- 
matouB,  but  not  exactly  in  tho  same  way.  In  them  the  superficial 
surface  of  the  cutis  forms  el  plane  surface,  and  the  deep  layer  another, 
with  the  air-colls  intervening  between  them,  and  the  feather-quills 
traversing  thoni.  In  Chamuif  however,  these  two  cotaneous  layers  are 
not  definable,  the  whole  presenting  the  appeamnce  as  if  a  non-emphj' 
aematous  skin  had  been  forcibly  blown  up,  so  as  to  cause  its  surface 
to  bo  irregiikr  and  bubbled,  more  like  an  artificially  distended  mam- 
malian lung  than  anything  else.  The  feathers  and  the  semiplumes  do 
not  perforate  the  air-cells,  bat  cause  tho  skin  to  be  indented  where 
they  are  situated. 

The   disproportionately   massive   appearance   of   the    legs  is  also  I^age  190. 
caused    by  the  pi-esence  of    air  beneath  the    tessellated    skin,  which 
extends  almost  t^  the  ungual  phalanges  of  tho  toes. 

The  contour- feathers,  many  of  them,  possess  a  very  feeble  after- 
shaft,  especially  in  the  region  of  the  nape,  as  found  by  Nitzsch  in 
0.  chavaria;  and  there  is  also  a  slight  groove  along  the  posterior  sur- 
face of  the  rhacbis  of  each. 

The  rectriees  are  twelve  in  number. 

There  are  twenty-six  remiges  in  on©  of  my  specimens ;  Nitzsch 
and  Sundevall  find  twenty- seven.  Of  these  ten  are  primaries,  the 
fourth  being  the  largest.  Of  the  sixteen  secondaries  the  distal 
twelve  are  subeqiial,  whilst  the  proximal  four  decrease  in  size  as  they 
approach  the  elbow. 

The  tufted  oil-gland  is  not  strikkigly  large;  it  is  somewhat  flat, 
with  a  single  orifice  on  each  side,  surrounded  by  a  circle  of  half-inch 
feathers  which  constitute  the  tuft 

Tho  tibio- tarsus  is  nude  for  its  distal  third,  being  there  covered, 
&A  over  the  tarao-motatarse  and  digits,  with  small  red  polygonal 
scales. 

The  plumage  is  nninterrupted,  there  being  no  spaces  without 
contour- feathers,  except  the  axillary  cavities  mentioned  by  Nitzsch, 
in  which  down-feathera  only  are  to  be  found.  The  down- feathers 
are  universally  distributed.  Tho  nude  neck-ring  of  C,  cka'&aria  ia 
absent  in  (7.  derhtana.  The  feathers  of  the  humoral  tracts  are  con- 
siderably the  strongest  of  the  contour- feathers. 

Looked  at  in  its  entirety,  the  pterylosis  of  the  Screamei*s  ia  unique, 
and  in  no  way  approaches  that  of  the  Anserine  birds. 

Aiim^Uary  (JanaL — The  jjaJale  is  elongate  and  triangular,  with 
three  longitudinal  rows  of  papilla?,  which  are  conical,  large,  aii<l 
thoi'efore  comparatively  few  in  front,  smatler  and  more  numerous 
behind.     They  all  tend  somewhat  backwards. 

The  iomjue  is  just  over  an  inch  long,  and  |  of  an  inch  broad* 
its  sides  being  parallel   for  nearly  their  whole  length.      The   tip  ia 
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obtusely  triangnlar,  with  a  small  papillarj  fringe  at  its  extremity, 
^  of  an  inch  broad.  The  base  is  straight,  and  is  edged  with  spines 
^  of  an  inch  long,  and  shorter,  directed  backwards.  The  sarfaoe 
and  lateral  margins  are  qnite  smooth,  the  whole  organ  being  flattened, 
slightly  grooved  longitudinally  down  the  centre,  and  nowhere  more 
than  ^  of  an  inch  thick.  At  its  base  are  two  lateral  juxtaposed 
protuberances,  rough  on  the  surface,  and  together  equal  in  area  to 
one-third  of  its  sarface.  There  is  no  transverse  constriction  or 
oblique  groove  like  that  found  on  the  surface  of  the  tongue  in  some 
AnatidaB. 

The  oesophagiis  is  uniform  in  diameter,  no  crop  being  even  indi* 
cated  ;  it  is  not  capacious. 

The  proventriculus  is  peculiar.  It  is  more  than  usually  capacious, 
and  is  glandular  only  in  a  patch  which  occupies  but  a  small  portion 
of  its  surface.  This  patch  (which  is  clearly  shown  in  the  represen- 
tation of  this  portion  of  the  alimentary  canal  in  Plate  [14]  XII.  fig.  1, 
at  its  upper  end,  where  the  pro  ventricular  dilatation  ceases)  has  a 
Page  191.  narrow  zonary  belt  of  glands.  It  can,  however,  be  seen  that  by 
far  the  majority  of  the  glands  are  aggregated  into  a  posteriorly 
situated  patch.  The  only  birds  with  which  I  ain  acquainted  in 
which  the  proventricular  glands  do  not  form  a  zone,  or  an  approach 
to  one,  are  Struthio  and  Bhea,  In  the  GallinsB  and  Anseres  they  form 
a  zone. 

The  glandular  surface  occupies  a  subelliptical  space,  2  inches  by 
If  in  its  long  and  short  diameters,  in  the  upper  and  back  part  of  the 
canal,  with  the  long  axis  in  the  direction  of  the  tube.  Its  lower  end 
is  2J  inches  from  the  upper  orifice  of  the  gizzard.  The  gland-tubes 
are  simple,  not  racemose,  and  average  ^  inch  in  length.  The  remainder 
of  the  area  of  the  proventriculus,  above  five-sixths  of  it,  is  covered 
with  coarse  and  irregularly  folded  epithelium. 

The  gizzard  is  constructed  on  the  usual  type ;  it  is  decidedly  small 
in  proportion  to  the  size  of  the  bird  (in  the  Anseres  it  is  as  con- 
spicaously  large),  being  much  more  elongate,  narrow,  and  less  muscular 
than  in  grain-feeders.  Longitudinal  folds  plicate  the  triturating 
surfaces,  which  are  smooth  in  the  Geese,  Ducks,  and  Swans. 

The  spken  is  the  size  of  a  haricot  bean,  and  of  much  the  same 
shape.  Its  position  is  in  no  way  peculiar  ;  but,  as  in  all  birds,  being 
placed  above  the  gizzard,  it  tends  to  confirm  the  opinion  that  the  latter 
organ  is  only  the  representative  of  the  pyloric  end  of  the  stomach, 
the  cardiac  component  of  which  is  represented  by  the  proventri- 
culus. 

The  liver  is  composed  of  two  simple  rounded  lobes,  united  by  a 
narrow  isthmus  of  hepatic  tissue ;  the  lobes  are  of  nearly  equal  size  ; 
and  there  is  a  fairly  voluminous  gall-bladder. 
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The  foltowing  table  gives  the  iatestinal  lengtlia  :^- 

^  S 

(I.  in.  ft«  in. 

Small  intestino .      7     3  6  10 

Large  intestine 1     1  0     7 

C»ca, 0    3  0    2 

The  ihtod^nmn,  with  its  ctaract^ristic  bend  roiind  tlio  pancreas,  is 
more  capacious  than  the  rest  of  the  small  intestine;  but  it  is  not 
large,  being  about  ^  inch  in  diameter.  The  hepatic  and  pancreatic 
dncts  enter  it  at  the  bend,  2|  inches  from  the  pylortia. 

The  pair  of  cfT'ca  present  a  condition  unlike  that  found  in  any 
other  bird  with  which  I  am  acquainted.  Iq  that  they  are  situated 
some  considerable  distance  from  the  cloaca^  they  agi'ee  only  with 
Sfruthio  and  Ehea,  In  the  much  larger  Cassowariea  the  large  in- 
testine is  not  more  than  7  inches  long.  In  both  Apteri/x^  and  the 
Tinamous,  as  well  as  in  all  other  birds,  the  Anaeres  and  Gall i one 
included,  the  large  intestine  does  not  e:cceed  4  inches  in  length. 
Chauna  in  having  a  large  intestine,  the  length  of  which  is  several 
timee  the  diameter  of  the  gut,  agree  a  therefore  with  S  truth  to  and 
Rhea  only.  These  organs  are  figured  in  Plate  [15]  XIII.^  they  being 
opened  up  in  fig.  1  to  show  their  internal  stractnre^ 

Insteftd  of  being  smooth  externally,  the  cseca  ore  sacculated  on 
two  longitudinal  bands*  They  are  peculiarly  capacious  for  their 
length,  and  fusiform  in  general  outline.  The  sacculating  bands  are  Pi^g^  192. 
not  lateral,  but  on  their  outer  and  inner  borders,  being  continued 
from  the  longitudinal  fibres  of  the  large  and  the  small  intestine. 
Their  mucous  membrane  is  not  plicated  when  they  are  distended.  It 
is  only,  among  other  birds,  in  Sintthio  and  Rheu  that  the  caeca  are 
sacculated ;  in  these,  however,  there  is  only  a  spiral  twist  like  that  in 
the  eoBcam  of  the  hai'CB  and  rabbits. 

Each  ciecum  has  a  well-developed  special  sphincter  muscle  guarding 
its  aperture  of  communication  with  the  intestine;  and  what  is  more 
peculiar  still  is,  that  they  do  not  open  itito  the  colon  proper^  but  into 
a  special  cavity,  a  continuation  of  the  main  intestinal  tube^  bnt 
separated  off  by  a  very  constricting  sphincter  from  the  colon»  as  well 
as  by  the  ileo-capcal  valve  from  the  small  iutestine.  This  ilco-colic 
cavity  is  f  of  an  inch  long  and  about  |  an  inch  in  diainet'er  when  un- 
distended.  Its  mncous  membrane  is  like  that  of  the  cieca,  much  more 
delicate  than  that  of  the  colon.  The  ileo-ca^cal  valve  is  a  small  sliU 
like  opening,  nearly  I  of  an  inch  long,  with  its  bj>s  projecting  a  little 
way  into  the  ileo-colic  cavity.  The  two  openings  of  the  caeca  into  the 
same  cavity  are  one  on  each  side  of  it,  a  little  oblique  in  regard  to  it, 
and  considerably  larger  in  lumen.  The  opening  into  the  colon  is  very 
constricted ;  beyond  it  the  mucous  membrane  of  the  large  intestine  is, 

T 


322 


ON  THE  ANATOMT  OF  CHAUNA  DERBIAKA* 


Pnge  193 


I 


as  Dr,  Crisp  rcraavks,*  transversely  plicated,  io  prodaoe  an 
anee  mocli  like  coarse  valvtilDe  connivcntes. 

Notbing  like  the  above-described  condition  is  to  be  observe 
other  bird,  not  even  in  Stndhio  or  Bhea^  m  both  of  whicli,  as  tj 
the  csDca  enter  the  commencement  of  the  nniformly  cjltndrica 
by  fair-Bized  orifices,  not  surrounded  by  a  special  sphincter. 
beinpf  the  case,  I   cannot  agree  with   Prof.   Parker's    remark 
**  there    is   nothing  whatever   in    the   digestive    organs,    wluoii 
extremely  voluminous,  to  sepai-ate  the  bird  from  the  Geese," 

Ees2nratory  Organs. — Prof.  Parker  J  remarks,  '*  the  tracT 
inft^rior  larynx  are  truly  anaenne ;  for  there  are  no  inferior  Is 
muscles,  the  contractors  of  the  trachea  ending  one- third  of 
above  the  bLfurcation,  and  only  a  delicat.e  fan-shaped  fascia 
the  half -rings.  Moreover  the  trachea  itself,  from  being  flat  i 
tilaginons,  becomes  round  and  then  compressed,  and  osseons 
above  the  bronchi,  bo  that  it  cannot  be  mistaken  for  any  other 
the  trachea  of  an  anatine  bird."  In  that  the  lower  end  of  the  ^fl 
is  of  smaller  diameter  than  is  the  tube  higher  up,  in  that  in  thn 
part  the  constituent  rings  are  iu  close  contact  without  scarcely 
intervening  membrane,  in  that  there  are  two  pairs  of  tracheal  miu 
running  to  the  thoracic  parietes,  and  in  that  tlie  intrinsic  lai 
tracheal  muscles  end  before  they  reach  the  bifurcation  of  the  broi 
the  syrinx  of  the  Screamers  approaches  that  of  some  of  the 
but  in  tluit  there  is  no  special  modification  of  the  oi^an  in  thi 
and  in  the  absence  of  chondrification  or  ossification  of  wi 
gcjierally  present  as  dilatiug  rings  or  half-rings  to  the  bronc 
Screamei'S  are  not  Anserine,  and  in  the  latter  feature  peculiar. 

There  is  nothing  remarkable  in  the  rings  of  the  windpipo,  I 
interlocking  producing  the  w*ell-known  key -pattern.  The  la 
are  greatly  compressed  laterally,  so  that  the  membranous  broti 
each  of  which  there  aro  only  a  very  few  slender  half-rings,  ar 
close  together.  As  can  be  seen  fromi  the  figures,  Plate  [14]  XIL  fig 
4,  the  latcml  muscles  of  the  trachea  are  peculiarly  powerf  ol  j  the  «| 
extrinsic  pair  is  inserted  into  the  middle  of  the  membrane  which  i 
between  the  body  of  the  coracoid  bone  and  the  corresponding 
the  f  arcula  on  each  side  ;  the  lower  close  to  the  costal  process 
sternum,  at  the  back  of  the  sterno-eoracoid  articular  margin 
former  bone.  The  intrinsic  muscle  on  each  side  descends  the  wii 
to  end  by  bifurcating  opposite  the  origin  of  the  stern o-t 
maacle,  and  ceases,  its  anterior  portion  higher  than  it^  posterior 
seven  rings  lower  down,  some  distance  above  the  bifurcation  j 

•  •*  Pwceodinjapi  of  tlic  ZooiogloaX  Society/'  1864,  p.  16. 

f  '♦  Procix'ding*  of  the  Zoologicnl  Society/*  1863,  p.  51  i.  J  j 
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"broTiclii.  The  aTxjve-mentioned  extremely  delicate  nature  of  the 
comTnencmg  broncliial  tubes  is  most  peculiar. 

The  lunga  present  no  special  featares  of  interest. 

There  are  several  mjological  characters  which,  tHongli  small  in 
themselves,  al!  go  to  form  the  exact  definition  of  any  group  of  birds, 
and  aid  in  the  determination  of  affinities.  Among  the  more  importiet 
of  these  are  the  presence  or  absence  of  the  ambiens  muscle*  (which  is 
of  fair  81X0  in  Chauna)^  the  presence  or  absence  of  the  femoro-caudal, 
the  aemitendinosus,  and  their  accessory  heads  (which  are  all  four 
found  in  Chaumt),  Having  dwelt  fully  on  the  importanco  of  these 
mofioles  in  the  paper  jnst  referred  to,  all  I  need  remark  on  the  present 
occasion  with  regard  to  them  is,  that  there  is  therefore  a  difference 
between  this  bird  and  all  the  true  Anserine  birds,  in  none  of  which 
is  there  ever  a  trace  of  the  accessory  semitendinosus.  A  reference  to 
my  paper  on  the  muscles  of  the  thigh  of  birds  will  show  that  in 
possessing  all  the  five  above -mentioned  muscles  the  Screamers  agree 
only  with  the  Gallinre  and  their  nearest  allies^  the  Rallidie,  Muso- 
phagidte,  Cucnlidfe,  Columbie,  and  some  of  the  Limicolse. 

With  reference  to  secondary  myological  points,  there  are  four 
which,  in  my  estimation,  deserve  special  attention.     They  are : — 

1.  The  presence  or  absence  of  the  expansor  sectrndariorum  muscle. 

2.  The  presence  or  absence  of  a  special  muscular  slip  from  the 
biceps  humeri  to  the  pataginm, 

3.  The  area  of  the  origin  of  the  oMurator  iniemus. 

4.  The  degree  of  development  of  the  tensoT'Cruris  faacim. 
These  will  be  considered  separately* 

1*  Th€  presence  or  absence  of  the  Expanfior  sectmdariortiftt  rnmcle, 
Expafisor  seamdaTwrum  is  the  name  which  it  is  my  habit  to  employ 
for  a  very  small  and  pccialiar  triangular  muscle  arising  from  the  qnilla 
of  the  last  few  (generally  two  or  three)  secondary  remiges  at  the  Pago  194, 
elbow.  Its  remarkably  long  and  slender  tendon,  which  freqnently 
traverses  a  fibrous  pulley  on  the  axiUary  margin  of  the  teres  muscle, 
runs  up  the  arm  side  by  side  with  the  axillary  vessels  and  nerves  to 
be  inserted  in  the  thorax,  into  the  middle  of  a  tendon  which  runs 
from  the  inner  side  of  the  middle  of  the  scapolar  element  of  the 
ficapulo-coracoid  articulation  to  near  the  middle  of  the  thoracic  border 
of  the  stemo-coi-acoid  articulation,  at  rigbt  angles  to  it  when  the  fore 
limb  is  extended.  This  arrangement  being  found  very  well  dif- 
ferentiated in  the  Storks  may,  for  the  sake  of  convenience,  be  termed 
Ctconine,  In  Chauna  it  is  exactly  the  same,  as  may  be  seen  from  the 
accompanying  drawing  (Plate  [16]  XIV.  fig.  1,  cs.). 

In  the  majority  of  the  Gallinaceous  birds  the  estpansor  secundaria 

•   Vide  *'  Proceedings  of  the  Zook>gicid  Swicty,**  1874,  p.  116,     (Supr^,  p.  213.) 
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orum^  with  the  nortaal  origin  from  fclie  secondary  qnills,  lias  a  different 
method  of  insertion,  lyhich  has  led  M*  A.  Milne-Edwards  to  describe 
the  ranscle  in  the  common  Fowl  as  a  part  of  the  mraco-hni^hiaiU 
(hrevis}  in  his  anperb  work  on  fossil  birds* 

In  the  genera  TetraOf  FrancoUnus^  Rolhdu^,  Fhasianm,  Enplneamm^ 
QalliiE,  CeriorntSf  and  Pavo^  the  mnscle,  instead  of  being  inserted  into 
the  scapnlo- sternal  fibrous  band  above  referred  to,  after  blend ing^  to  a 
certain  extent  with  the  axillarj  margin  of  the  teres,  ceases  bj  becoming 
fised  to  a  fLbrons  intersection  alx>nt  one- third  down  the  coraco-hrachialia 
hreiu's  muscle. 

In  Fr'ancoUniu  dnppeTioni  from  among  the  Franeolins,  Cotumi^^ 
Odont€j)hotnsj  Ortijx^  Eupftijchdrtijx^  and  Numida,  the  tendon  does  not 
go  so  far  as  the  short  f^oraco-hrachialiSf  bnt  ends  either  by  simply  join- 
ing the  axillary  margin  of  the  terei,  or  by  at  the  same  time  sending  a 
tendinons  slip  behind  it  to  the  scapula.  In  Argus  giganteus  the  tendon, 
running  from  the  elbow,  turns  round  the  axillary  border  of  the  ieret 
to  end  by  joining  a  triangular  mnscular  fasciculus,  attached  bj  its 
base  to  the  upper  portion  of  the  thoracic  surface,  which  appeara  to  be 
nothing  but  a  differentiation -off  of  the  upper  portion  of  the  last-named 
muscle.  In  the  Cracidfe  this  insertion  intci  the  scapula  is  also  fonnd, 
but  it  is  tendinoas,  like  the  upper  element  of  the  thoracic  band  abo?e 
described  in  the  Storks  and  Ch(inn/i ;  and  in  them  there  is  also  a 
second  tendinous  slip  from  the  axillary  margin  of  the  eoraco^hrachialiM 
longtis  (Plate  [14]  XII,  fig,  5)  (not  the  hrevls).  In  theMegapodida?  also 
the  attachment  to  the  c^yraco-brfichialu  hrei7ts  is  wanting,  the  tendon 
ending  either  by  blending  with  the  /ere^-margin,  or  running  on  to  the 
scapula. 

In  the  Ducks  and  Geese  among  the  Anaeres  the  tendons  nnder 
consideration,  when  they  enter  the  thorax,  run  towards  one  another 
and  join,  after  having  expfinded  out,  in  the  middle  line,  in  front  of 
the  oesophagus,  and  behind  the  trachea.  In  the  Swans  this  arrange- 
ment is  not  found,  the  tendons  ending  in  the  eiconine  manner,  or  by 
running  to  the  upper  end  of  the  scapula;  and  in  this  reapect 
Sarckliomis  resembles  them. 

From  the  tabular  statement  now  exhibited  (see  p.  320)  the  nalarc 
as  well  as  the  presence  or  absence  of  this  muscle  can  be  determined  in 
any  special  group  of  birds.  The  only  Anomalogonatonsbirds  in  which 
I  have  found  this  muscle  are  the  Coraciidoe, 


I 


I 
I 


Page  1%.  2    TIte  presence  or  ah$ence  of  a  s^eial  muscular  $Up  from  the 

Biceps  humeri  to  the  Patagiufn* 

The  hi'rfpfi  humen\  the   main   flexor  of  the  arm,  arises  froni 
upper  end  of  the  corucoid  hone,  iind   frnm   the  upper  portion   of 
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flexor  surface  of  the  humerus*  In  certain  birds  this  muscle  sends  off 
from  its  tapper  end  a  slender  fusiform  bellj^  which  runs  through  the 
proiimal  portion  of  the  patagium  to  join  its  marginal  tendon  near  the 
middle  of  its  conrse  (Plate  [16]  XlV^fig.  2).  The  presence  or  absence 
of  this  muscular  fasciculus  ia  a  very  constant  character  among  closely 
allied  birds.  In  the  Table  (p.  329)  are  recorded  the  names  of  all 
those  birds  in  which,  according  to  my  experience,  it  ia  to  be  found- 
The  onlj  Anomalogonatoua  birds  in  which  I  have  seen  it  are  the 
Caprimnlgidee. 

3.  The  Area  of  Origin  of  the  Obturator  ifUertius^ 

It  18  not  my  intention  on  the  present  occasion  to  enter  into  the 
consideration  of  whether  the  muscle  her©  called  obturatQr  intenius  m 
homologous  with  the  same-uamed  muscle  in  ilummalia;  suBBca  it  to 
say  that  it  arises  from  the  pelvic  surface  of  the  pubis  and  ischium, 
and  ends  by  a  tendon  which  is  inserted  into  the  outer  surface  of  the 
head  of  the  femur. 

In  a  large  number  of  birds,  on  looking  at  the  pelvic  view  of  this 
muscle  when  undisturbed,  its  shape  ia  seen  to  ho  an  elongated  oval, 
occupying  the  obturator  fossa,  and  covering  the  line  of  junction  of  the 
ischiuin  and  pabis.  In  another  large  number  of  birds,  instead  of 
being  oval  it  is  triangular,  lin  posterior  fibres  expanding  in  such  a  way 
as  to  cover  most  of  the  pelvic  surface  of  the  ischinm.  There  are  a 
few  birds  in  which  an  intermediate  coadition  is  found;  they  are,  how* 
ever,  very  few»  In  most  there  is  not  the  least  difficulty  in  deciding 
whether  the  obturator  internns  is  oval  or  triangular  (compare 
Plato  [17]  XV.  figs.  1  and  2).  From  the  Table  (p.  3i*9)  the  aixange. 
ment  existing  in  most  birds  can  be  found. 

4.  Tfie  degree  of  JDevelopiine^U  of  the  TeusoT'Cntris  fascia*. 

To  this  point  1  have  referred  in  my  paper  on  the  muscles  of 
Birds»*  where  its  relations  are  explained.  **  It  is  the  suj>erficial 
muscle  of  the  oatside  of  the  thigh,  covering  the  femur.  It  is  flat  and 
triangular  in  shape,  and  arises  as  a  membi-anous  expansion  which 
covers  the  glutens  ii.,  from  the  lower  two-thirds  of  the  posterior 
boi'der  of  tb©  iHac  fossa  in  which  that  muscle  is  situated,  and  from 
the  fibrous  septum  which  separates  that  muscle  from  the  glutens  iii. 
Farther  down  it  has  origin  also  from  the  whole  length  of  the  ridge 
which  separates  the  postace tabular  area  from  the  external  lateral 
surface  of  tiie  ischium,  and  which  may  be  termed  the  postace tabular 
ridge,  aa  well  as  from  the  posterior  border  of  the  ischium,  as  far 


•  "  Froccoding*  of  the  Zoobgical  Socioljr,"  1878,  p.  028.     {Snpr^,  p.  189.) 
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forwards  as  its  junction  with  tbe  pubis,  being  here  slightly  overla 
bj  the  semifcendiuoaus.  The  fibres  converge  towards  the  knee ;  and 
the  deep  portion  of  the  mnscle  blende  in  ito  course  with  tJie  TBatns 
Page  196.  exteraua,  together  with  which  it  continues  forward  to  become  part  of 
the  broad  thin  teadou  which  covers  the  knee  and  in  inserted  in  the 
front  of  the  tibia- head,  the  patella  being  situated  in  it,  together  with 
the  longi  slendoF,  and  flat  tendon  of  the  ambxena  mnscle,  which  i« 
situated  below  it,  running  obliquely  from  inside  and  above,  ont wards 
and  downwards.  In  many  birds  ibis  muscle  does  not  extend  below 
the  level  of  tbe  femur,  but  endia  inferiorlj  hy  blending  with  the  vastus 
externtia;  and  consequently^  where  such  is  the  case,  it  eridentlj 
cannot,  as  it  does  otherwise,  cover  any  of  the  flexors  of  the  leg/' 
Wbetber  this  postacetabular  portion  of  tbe  temor  fcLscim  is  present  or 
absent  can  be  found  by  referring  to  the  Table  (p.  329).  There  are 
not  many  birds  in  which  it  is  very  small, 

.As  tbe  Anserine  affinities  of  the  Screamers  are  being  discussed,  it 
ought  to  be  mentioned  that  in  all  the  former  tbe  great  pectoral  Hexor 
of  tbe  wing  is  peculiarly  elongate,  and  extends  upwards  above  the 
s^mpht/sCs  fitrcidw^  with  its  fellow  forming  a  medium  raphe  bb  ftn 
anterior  continuation  of  the  carifia  stenii.  The  only  other  birds  in 
which  this  occurs  are  the  Penguins*  In  tbe  Screamers  the  grei^ 
pectoral  flexor  is  not  large,  and  does  not  extend  upwards  above  the 
middle  of  tbe  furcula. 

In  the  Anseres  the  extensor  pectoral  (second  pectoral)  is  always 
very  long  and  broad,  reaching  the  lower  end  of  the  sternum.  In 
Clutiaut  it  does  not  extend  nearly  to  tbe  posterior  margin  of  the 
sternum,  and  it  is  not  bulky. 

Again,  the  muscles  of  the  Anseres  are  always  intensely  dark  in 
colour,  whilst  in  the  Sci-eamer  tbey  are  quite  [)ale.  In  this  respect 
the  two  groups  difler  in  tbe  same  way  as  do  the  Seals  and  the  Sirenia 
among  Mammals* 

Os^etjtis  Sydem. — The  skull,  being  that  portion  of  the  skeleton 
which  is  least  permeated  with  air,  will  receive  the  greatest  utteotioa 
on  tbe  present  occasion.  With  I'cference  to  it  Prof.  Parker  remarks*, 
**  All  the  skull  and  fac^,  except  at  its  two  ends,  conforms  to  the 
lamellirofitral  type."  Prof*  Huxley  also  places  Palamedea  in  his  gronp 
"  Chenomorpba?,"  among  the  several  feat  ares  characterhung  those 
birds  being  that  *'  the  lachrymal  region  of  tbe  skull  is  remarkably 
long."  That  such  is  not  the  case  in  Chauna,  Prof.  Parker  has 
remarked  in  bis  article  **  Birds*'  in  the  EncyclopaMiia  Britannica f* 

It  may  bo  well  before  proceeding  further  to  inquire  more  fnlly 

•  *'  Proceedinga  of  the  Zoological  Society,"  1863,  p.  Sl-L 
t  "  Eae.  Brit.,"  8tli  eclit.,  tqI.  iii,  p.  712* 
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into  the  nature  of  t}m  lamellirostml  type.  Prof.  Parker  tolls  ns  that 
"  Ihe  great  embryologieal  diatinutiona  between  tbc  skull  and  face  of 
tbe  Geese  and  Fowls  are,  first,  that  in  the  latter  the  space  between 
the  periotic  mass  and  the  superoceipital  cartilage  is  a  mere  chink,  in 
the  former  a  persistent  oval  space ;  and  Becondljr,  that  the  ant-erior 
|mrts  of  the  face,  viz,  the  prtemaxill©,  prfievomers  [maxillos],  and 
dentaries  are  small  and  compressed  in  the  Fowls,  large  and  outspread 
in  the  sifting  birds/'  A  glance  at  the  accompanying  figurcs  of  the 
posterior  surface  of  the  skulls  of  a  Magellanic  Goose,  a  Derbian 
Screamer,  and  a  Razor-billed  Curassow  will  enable  the  reader  to 
decide  for  himself  which  of  the  two  groups,  the  Anseresor  the  Gallinio, 
the  Screamer  more  close  I  j  approaches.  It  evidently  does  not  Bhara  Page  197. 
the  peculiarities  of  the  former,  in  all  species  of  which  the  surface  of 
origin  for  the  pair  of  large  extensor  muscles  of  the  mandible  is  cha- 
nu*terifitically  compressed  from  side  to  side,  and  elongated  from  above 
downwards,  at  the  same  time  that  there  is  the  pair  of  openings  above 
tlie  foramen  magnum  (figs.  1,  2,  3,  p.  82B)* 

Again,  from  a  comparison  of  tlie  inferior  surfaces  of  the  same  three 
skulls,  it  is  equally  evident  that  in  the  Screamer  the  priemaxillm, 
maxillaries,  and  dentaries  agree  with  the  same  bones  in  the  Gallina* 
ccous  bird  in  not  being  large  and  outspreading.  Tbe  imlate  of  ijhauna 
is  represented  in  fig.  4, 

In  the  Screamers  the  skull  is,  no  doubt,  as  in  the  A  use  res,  desrao- 
guathous,  having  the  maxillo-palatines  united  across  the  middle  line; 
bat  this  character  is  not  anfficiently  important  to  compel  us  to  unite 
tbe  two  gronps ;  for  if  such  were  the  case  it  would  be  necessary  to 
give  credence  to  an  association  of  birds  which  is  in  other  respects 
extremely  unnataraL  In  the  Capitonidte,  for  instance,  Metjalce^rtui  is 
not  desmognathou^,  whilst  Tdragono^s  is  bo. 

Ab  before  stated,  in  the  Anserine  birds  the  locfaiymal  region  is 
specially  long.  This  is  least  marked  in  the  Cereopsis  Goose  {Ct*revp$is 
jiovce-hollandm)^  where,  however,  it  is  clearly  apparent.  In  Ckauna, 
the  lachrymal  region  is  as  short  aa  in  the  Gallina?,  not  in  the  least 
elongated. 

In  both  the  Anaeres  and  Gallinte  the  pterygoid  bones  have  large 
faceted  surfaces  for  articulation  with  the  basisphenoid  rostrum.  In 
both  groups  these  facets  are  situated  very  fai"  forwards — quite  at  the 
anterior  ends  of  tho  bones  in  the  latter;  in  Chaiimij  however,  these 
articulations  are  quite  independent  of  the  anterior  ends  of  the  bones 
(fig.  4),  being  nearly  aa  far  backward  as  the  middle  of  their  otherwise 
free  moieties. 

As  to  the  quadrate  bones,  their  eraiiial  articulations  are  bifid, 
which  is  tho  case  in  all  birds  except  t^lnUhWf  Ilheu^  Dromwiis, 
CasuariiLSf  Aptertfx,  the  Cryptui*!,  and  Sijme  (most)  of  the  Gallince. 
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^ 

1 

In  Gkmma  the  augle  of  the  maiidiblo  is  mach  prolonged  and  up- 

Page  197.            ^^M 

curved,  m  in  the  Anacres,  from  which  it  however  differs  in  not  being 

^H 

deeply  excavated  in  tho  interval  between  the  npturned  process  and 

^H 

the  inwardly-directed  articular  angle.     It  must  be  remembei'ed  that 

^H 

the  mandible  is  mnch  the  same  in  the  Gallinas, 

^H 

It  miist  alflo  be  remembered  that  tbe  Screamers  ai-e  the  only  birds 

^H 

in  which  there  are  no  uncinate  processes  to  the  ribs,  as  bas  been  shown 

^^H 

by  Mr.  Parker. 

^^H 

Table. 

Page  199.             ^^| 

Hjune  of 
familj- 

Expanaor 

geeundarioruni 

(aei^p.  323), 

Biceps  slip  to 
tbt^  patagium 
(iM>e  p.  324). 

Obtumtor 

interims 

(seep.  325). 

Postncetttbnltur 
portion  of  ten- 
sor fasciae 
(see  p.  825). 

TlKAMinA 

Cicooiue. 

Absent. 

Triangn-lar. 

Large. 

pALAHBDEIUi    . 

Ciuonine. 

Absent, 

Grid: 

Absent. 

^^^1 

GiXLIKiE  * 

Proaent     (vide 
p.  324). 

Absent  only  iu 
Cracida?. 

Triitnguljir. 

Large. 

^H 

BALLtnJS 

Ciconine. 

Present. 

Triangnlar. 

Large. 

^^^1 

Otid^ 

Cic<»riine.           i 

Absent. 

Ovid. 

Present. 

^^^B 

Cariama 

Ciconiiie. 

Abaent. 

Triangular. 

Present. 

1 

PhiCHicopierH* , . 

Ciconine. 

Present. 

Or  III. 

Present. 

^^^B 

Serpentarius, . . . 

Ciconme, 

Absent. 

Trkngnlar. 

Absent. 

^^^M 

MCBOPILAGIDJE  . 

Ciconine. 

Absent, 

TriiLDgnlar, 

Present, 

^^^1 

CtJCtTLUUS  ,  .  .  .  , 

Ciconiae. 

Absent, 

Triangular. 

Present. 

^^^1 

PSITTACI 

ANATin^ 

Ab*enfc. 
Ciconine        in 

Absent. 
Present. 

Abaent, 
Present,  except 

^M 

Peeulinr    frt>m 

Cygninoj,  pe- 

clongatioD  of  , 

in  LNjriiina;*. 

^^H 

culiju-          in 

pel  via. 

^^^M 

1 

other*    (vide 

^^1 

1 

p.  824). 

^^^H 

SpttKNlSCIUiE    .. 

Trian^iLr. 
f 

Absent. 

^M 

C0LrMBiD.s:,,. , 

Not  »een. 

Present. 

Present. 

M 

Poi>iciprD  JE  . .  , . 

Not  seen* 

Presont. 

Oral. 

Present. 

^^^M 

PKOCKtLAttirDiE 

? 

? 

? 

P 

^^^M 

Ft'LMJJlID^,.  ,. 

? 

P 

Ot&I. 

Absent. 

^^^1 

Pklabgi    

Oifonine. 

Ab«ent. 

OTal. 

Absent,  or  ex* 
tremeiy  smuli. 

^f 

CATUAKTIUlt  .  .  . 

Ciconine. 

Absent. 

TriiinguliLr- 

Present, 

1 

HEJtODlOlfBe   »«  , 

C?iconinc    (not 
in  Caneruma 
and  Effrella). 

Ab»4iuL 

Triangniar. 

Absent,  or  ex- 
tromeij  small. 

J 

STBQAirOPOI>BS  . 

Absent. 

Abfient,  except 
io  PAaf€tcio- 
coravida!. 

Oval. 

Absent. 

H 

ACCIPITBKS  .... 

A  been  t  (not  in 
Falco,   Poly- 
&Qnt»       and 
TSnmUHCuliu). 

AbiMi^nt. 

Triangidar  (ex- 
cept       ^^eo- 
phroa). 

Absent. 

■ 

Stbioid^ 

Absent. 

Absent 

Triflngnlar(uot 
Scopm), 

Absent. 

^1 

COLUMB^ 

Feeble   or  ab- 
icnU 

Present, 

OtoI. 

Present. 

^1 

CnARADUltBM,. 

Cicomiie. 

Present. 

Oral. 

Prewut. 

^^^M 

Orvibm 

Cioonine. 

Present. 

Triangular. 

Present. 

^^^M 

Larijp^. 

In  Bome, 

Present* 

OTal. 

Absent. 

^^^M 

AUilDM 

Abm?uU 

Present 

Oval. 

Present      (not 
in        Areiica 
alttf). 

J 

^ 
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In  conclusion,  it  soeiiiB  to  mc  tliat  from  considerations  of  pfery* 
losis,  viKceml  anatomy,  myology,  and  oateolog)^  thc3  Screaxaers  cannut 
bo  placed  along  with  the  Anserine  bh-de*  In  the  windpipe  and  the 
form  cjf  the  angle  of  the  jaw  they,  no  donbti  closely  approach  them* 
In  their  alimentary  canal  they  are  much  nearer  to  Sh^thiu  and  Ikhea 
(not  Bromwas  and  Casttarius)  thaji  to  any  other  birds.  There  is  a 
Ciconine  tendency  in  their  myology,  whilst  their  osteology  points  in 
ao  special  direction.  It  seema^  therefore,  to  mo  that*  samining  tfaeao 
Ppge  200.  results^  the  Screamers  must  have  sprung  from  the  primary  avian  stock 
as  an  independent  offshoot  at  much  the  same  time  as  did  most  of  the 
other  important  familiea.  It  may  Ije  fairly  asked  what  reason  there  is 
for  the  assumption  that  there  was  a  sudden  break  up  of  the  bird-type 
at  any  particular  period.  It  appears  to  mc  fi^om  the  study  of  anatomy 
that  this  was  the  case  ;  and  it  is  evident  that  the  acquisition  of  n^ngs 
by  the  previously  terrestrial  typo  form  must  have  suddenly  inter- 
polated a  large  number  of  intruders  into  domains  already  occapied, 
and  must  have  all  at  ooce  called  forth  a  new  aerial  strangle  for  exist- 
ence, which,  fmm  the  generalness  of  its  action  must,  within  a  short 
time,  have  brought  out  a  great  number  of  special  characters  by  uatorat 
selection. 


EXPLANATION  OP  THE  PLATES. 

Plate  14  (XII.) 

Pig.  1.  ProrctitrictduA  and  giEjcnrd  of  Chauna  derbiama^  cut  optn,  aud  patt  of  ibe 
fruiii  Willi  rcmoveth 

2.  Anterior  Tiew  of  lower  portion  of  windpipe  of  C.  derbiama, 

3.  Back  view  of  aume,  the  mii8cle«  of  tbe  kft  side  huTing  been  retooTed* 

4.  Kigbt  si  tie  viinv  of  saine. 

5.  Portion  of  right  t'omcoid  bone  {o)  with  earaco-braehialis  l<imffum  (cM^cJ) 

eoraco-trat'hiafu  brtrvi*  {c.b,b,)  in  siiu  of  Crax  globieera.     The  < 
tecundarionim  (e,s.)  id  fteea  la  spring  partly  from  Ibc  fir^t-namod  itiu 

Plate  15  (XIU). 

Wig*  1^  Cnca  of  Chauwi  derbianaf  with  Lbe  imlerior  wall  prntlj  romov«d  to  flbow 
the  caTity  intervc^ning  between  tlm  small  and  large  iutestiiie  into  irliieb 
the  coH-'a  opon. 
Z,  The  cicciiy  extt^mal  view, 

Pjuatb  16  (XIV). 
Pig.  1.  AxUhiTy  muBclea  of  rigbb  side  of  Ckamna  derbiamt.     e.9,  expoiwor 

dikriorum  j  />  1,  great  j>i*eloral  j  p  2»  »ecoiid  pecloml  j  cbJ,  eoraoo^bradiiij^r 
longus;  i,  bicrpsj  i,  trieep*  j  i.p,b,  tensor  patagii  breris  j  w,  •cmpula;  «l, 
sternum  i  e^  ooraooid  i  /,  f urcuhi ;    A,  humerus  i  c.e,  eoTYimi  Tericibt9 1 
(Tf  irtkchetk :  pat.,  pAlti^inm  ;  ^*,i2,  »econdarj  remigea, 
2.  The  aamc  part,  1eH  i»idc,  of  Oallinula  eklorvpus*     B.  tlipf  biceps  slip  |  l.i». 
U»UBor  iHiUgii  lougui. 
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Platk  17  (XV). 
Fig.  L  Musck**  of  right  aide  of  intOTior  of  pelvis  ant!  inner  bMc  of  tbigh  of  Chavna 
dffhiana,  thu  uiiucles  of  tlio  mrkTior  iibdoininal  wall  Imving  been  rcmo?o«l. 
oiy  obtiinitor  intemiis  i  Amh,  Ambieuj*  i  Quad^  Qundricopj^  extensor  j  Ad^ 
flrddurtor ;  tSJ^  semiti^iulinuaus. 
2,  Tlie  ftanio  piurta  of  Euphcamut  alhoerisiatut,  simEarlj  lettered.  5<i/-^, 
carton  OB, 


53.  ON  THE  ANATOJIY  OF  ARAMUS  SCOLOPACEUS^ 

It  being  very  seldom  that  an  opportunity  occura  for  the  study  of  tho  Page  275* 
anatomy  of  Aramutt^  a  fortn  tlie  eitact  relations  of  which  am  but  little 
nnderstood,  I  take  the  opportuuity  of  describing  thid  bird  from  a 
female  8i>ecimeii  which  reached  the  Society's  Gardens  alive^  and  died, 
much  emaciated,  within  a  few  days,  on  Oct.  7,  1875.  I  may  mention 
that  the  generic  name  Scolopax  was  applied  to  it  by  LinmeuSi  and  that 
Licbtenstein  termed  it  Rail  us  </^/a*f.  Mr.  Q,  R.  Grayf  places  it 
among  the  RalHme,  next  to  lirallas  aquaiicttrS^  whilst  Messrs.  Sclater 
and  SalvinJ  includo  it  among  the  Alecborides,  together  with  Eurif^il/tJ^y 
Cariama^  and  Psiq^hia.  It  seems  to  me,  however,  that,  constderiug  its 
ditlerent  anatomical  features,  it  is  most  intimately  related  to  6'nw, 
which,  with  it,  is  not  distant  from  Ihi^f  Platalea,  and  Eurypnga, 

With  reference  to  the  skeleton  of  AramtiSy  it  may  be  mentioned 
that  it  is  figui'cd  as  a  whole  in  Eyton'«  **  Osteologia  Avium  "  (pL  xiv, 
K),  and  in  the  same  valnable  work  (pi.  27.  fig,  2)  a  front  view  of  the 
sternum,  and  a  back  view  of  the  pelvis  are  given,  thongh  the  plate  is 
incorrectly  lettered. 

In  Audubon's  **  Ornithological  Biography  "§  a  fnll  account  of  the 
viscera  is  given,  with  a  w^oodcnt  of  the  alimentary  canal.  The  author 
considers  the  bird  to  be  most  intimately  allied  to  the  Kails. 

A  ramus  is  a  Btrongly  scbizorhinal  bird;||  in  other  words,  the 
opetiings  of  the  external  osbcoub  nares  extend  further  backwards  tlian 
the  posterior  ends  of  the  nasal  processes  of  the  prfismiudllie.  In  this 
respect  it  agrees  with  GmSy  Eutypijga^  and  the  Iimicol«B,  but  not  with 
tlie  Hallidt^,  nor  with  Cariama^  nor  with  Psojikia, 


•  "PrCNMMMlingt  of  the  Zoological  Bodcty,"  1876,  pp.  275-7-    Bc»d,  March  7, 
1876. 

t  *'  Haud-list  of  Birds,"  vol.  iii.  p.  58. 

J  **  IfoDLeiiclator  Ayium  JitJotropicnliuTOi"  p,  141. 

j  Vol  iv.  p.  &47  ei.  4eq, 

II   ndt '« ProeeedingB  of  the  Zoological  Sodety,"  1873,  p.  33.     (Su^r^,  p.  £24.) 
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Ab  in  Qrusy  Ihis^  and  Plalalea^  the  lachrymal  boneB  do  not  blend 
with  the  region  of  the  skull  where  they  are  attached  ;  in  the  tme 
Limicolee  thej  do  so.  The  palate  is  sehizognathons,  the  maxillo-pala* 
tiuDS  long,  the  vomer  pointed,  and  the  pterygoids  ont-spreading  at 
both  ends  exactly  as  in  Gms,  Ae  in  that  genus,  also,  thcx*e  is  a  pair 
of  o€cipit4il  foramina  J  like  those  in  Ibis,  Platalea,  and  the  liimicols ; 
but  these  do  not  occur  in  the  Rallidie,  nor  in  Cariamaf  nor  in  Psophia, 
(Figs.  1»  2,  and  3  illustrate  these  points,) 

The  sternum  is  complotely  Gruine,  as  are  tlie  other  parts  of  its 
skeleton. 

The  pterylmU  of  Aramus  has  been  folly  investigated  bj  Nitxsch,^ 


I 


Fig.  1*  Skull  of  Aramut  acolopaceuM,  polntul  tIpw. 
2.  Ditto  ditto  lowpr  jtkw. 

B.  Dilto  ditto  tup  view. 


*  Bdj  Socieij'v  Koglbli  Tnuubtion,  p.  125. 
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wlio  found  that  it  agrees  exactly  with  that  of  FiiopJna  and  Grn^^  and 
with  no  other  bii^.  The  pecniiaritiea  of  tho  feathers  themselves  led 
that  illnatrious  naturalist  to  place  it  with  the  Rails,  from  which  it 
differs  in  more  than  one  pterjlographic  particular. 

There  are  two  carotid  arteries ;  and  the  right  jugular  vein,  as  is  Page  276* 
frequently  the  case,  is  considerably  the  larger  of  the  two. 

The  trachea  is  simple  (the  specimen  is  a  female) ;  the  syrinx  ia 
somewhat  dilated  ;  and  a  single  pair  of  intrinsic  mnscles  is  continued 
to  the  bronchial  half-ring. 

Mifohgically^  the  ambiens  muscle  is  strong;  the  femoro-caiidal  (A) 
ia  absent^  the  accessory  femoro-caudal  (B)  is  thin  and  small;  the 
Bemitendinosus  (X)  and  the  accessory  semitendinosns  (Y)  are  fairly 
developed.  Its  muscle- formula*  is  therefore  B,  XY,  In  all  the 
Rallida?  the  formula  is  AB,  XY,  the  femoro-candal  being  large.  In 
Psophia  it  is  B,  XY,  as  it  is  in  Canaina  (in  Chunga  B  is  also  absent).  Page  277. 
In  Baleariea  regulorum  the  formula  is  XY;  in  Qrus  anii'gone  it  is 
AB,  XY,  the  femoro-candal  being  reduced  to  almost  a  thread ;  in 
Atithroptyid^'ji  r/r//o  the  formula  is  AB,  XY,  as  it  is  in  This  and  Platalea^ 
as  well  as  in  Ennjpj/ga,  Myology  therefore  does  not  mihtate  against 
the  Gruine  affinities  of  Aramus^ 

Further,  as  in  Grujif  the  tensor  fascia  covers  the  biceps  cruris ; 
the  biceps  humeri  muscle  sends  a  special  belly  into  the  patagium ; 
the  ezpaneor  secnndarionim  is  Ciconine ;  the  obturator  intemng  has  a 
triangular  origin. f 

Alhnentanf  mnaL — ^Tbe  tongne  is  2^  inches  long,  very  slender, 
quite  smooth,  nearly  cylindrical,  and  tapering  to  a  fine  point  in  front. 
It  has  a  slight  papillary  fringing  at  its  posterior  edge.  The  msophagus 
is  very  capacious^  although  no  crop  is  de\''eloped.  The  'prmeniricfulu9 
is  zonary ;  its  glands  are  cylindrical  and  shoi't.  Between  it  and  the 
gizzard  is  a  capacious  dilatation  of  the  termination  of  the  gullet,  lined, 
apparently,  with  squamous  epithelium,  the  volume  of  which  is  greater 
than  that  of  the  interior  of  the  gizzard  itself.  The  gizzard  is  not 
large,  and  its  muscular  walla  are  not  thick*  The  liver  has  the  left  lobe 
a  little  larger  than  the  right,  a  condition  far  from  common  among 
birds ;  the  gall-bladder  is  present.  The  average^sised,  or  slightly 
narrow,  hifedinea  are  40  inches  in  length.  The  ecBca  are  somewhat 
dilat<?d  toward  their  blind  ends ;  they  ai-c  2  and  2|  inches  long.  They 
are  peculiar  in  being  situated  laterally,  and  close  together,  instead  of 
opposite  one  another,  a  condition  approximated  to  in  moat  of  the  non- 
columbine  Schizorhinal  birds,  and  in  them  only ;  the  small  intestine 


•  Vide  "  Fwjeeediogt  of  the  Zoological  Sodetj/'  187i,  p.  111.  (S^pr^,  p.  20a) 
f  For  fttrtlior  ivferenoe  to  theM  points,  vide  ^'  Prooeediagt  of  the  SSoolofieal 
cit^iv/'  lK7fi,  p.  195.     {Supr^,  p.  324.) 
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tliereforo  enters  the  colon  by  a  lateral,  slifc-liko  openings*  lo 
Cranes  the  ca^ca  are  genenilly  between  5  and  G  inches  long^ ;  and 
being  bo  much  larger^  the  comparative  size  1b  mnch  the  same.  In 
IJiifi,  Plalalea^  and  Enn/pijfja  tliey  are  very  much  shorter;  io  Cioiama 
they  measure  10  inches,  whilst  in  Psophia  their  length  is  xnizohj 
8am©  as  in  Aramiis, 


54.    NOTES  ON 


THE  ANATOMY 


OF   PLOTUS 


(Plat^a  XVIII--XXO 

Page  835,  The  Darter  is  one  of  those  birtls  whose  anatomy,  with  the  except 

of  its  Bkeleton,  is  comparatively  little  known  j  I  therefore  take  the 
present  opportunity  of  describing  the  organs  and  some  of  the  moaH 
important  muscles  of  Plot  us  anhlnga  from  the  two  specimena  which 
were  recently  living  in  the  Society  a  colleetioni  and  which^  from  mj 
prosectorial  advantages,  it  has  been  my  good  fortnne  to  be  able  to 
dissect. 

On  December  28th,  1872,  the  Society  became  possessed »  for  tlie 
first  time,  by  purchase,  of  a  male  Bpecimen  of  PJotus  anhinQa^  which 
died  on  the  17th  of  last  month,  with  general  jaundice  and  di&tentioii 
of  the  galUbladder  from  obstruction  of  the  common  bile-duct.  The 
Bccond  specimen,  a  femalc»  was  purchased  on  the  30th  of  September, 
1875;  it  was  never  qnit^  healthy,  and  died  on  the  7th  of  Febrttary, 
w^ithout  any  special  organic  lesions,  but  with  a  dropsical  conditiou  of 
the  finbcntaneons  areolar  tissues,  fre<]uently  found  in  Ste^anopud 
birds*  It  is  this  second  specimen  which  I  first  dissected  ;  and  the 
other  coming  to  hand,  opportunely  for  me,  has  enabled  xne  to  verify 
my  obeervationB* 

Ptertflographitalbj,  there  is  nothing  for  me  to  add  to  the  reeiilts 
orrived  at  by  Nitzsch.f  The  skin  is  not  in  the  least  pneainatic,  m 
which  respect  it  contrasts  greatly  with  Sula  and  Pdecanua^  and  agrecfl 
with  Phahjcrocorajr, 

With  reference  to  the  anatomy  of  its  circnlatory  organs,  it  is  lo 
be  noted  that  Phim  a^ihinga  possesses  only  a  single  carotid  mrtorj^  the 

•  "  Proceedings  of  the  Zoological  Sodety,"  1876,  pp.  985-46.     Pl«.  XXTI-^ 
XXVIII,    B«kI,  April  4.  1876.  ^ 

t  "  PtOTjlogTuphj,"  Ray  8ociety*i  TmnBlntioD*  edited  by  P.  L.  Sclal<tr,  F.R8L, 
p.  151. 
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left.  Tb  Snia  hmsana^  Fhalacrocorax  carho  and  P.  huiuhris,  Fretjata 
aquila^  and  Fhaetkon  thevQ  nro  two.  In  Snla  ftisca  {a  specimen  in 
very  bad  iramatare  plumage  from  Port  Lomon»  Porto  Rico)  the  left 
carotid  only  exists,  as  also  in  Felecanus  mfescens  and  F,  onoerotahis. 

Afl  to  the  respiratory  organs,  from  Plafc«  [20]  XXVI  [I.  fig.  3,  it  can 
be  seen  that  the  ejrinx  is  in  no  way  pecnliar,  a  single  pair  of  intrinsic 
lateral  mnselea  being  present.  By  the  side  of  it  I  hav^e  figored  the 
lower  portion  of  the  windpipe  of  a  male  Gannet  (Snla  hftssana)^  in 
which  a  pair  of  fatty  bodies  are  developed  just  above  the  bifurcation 
of  the  bronchi,  the  like  of  which  I  have  not  else  where  seen. 

Oateologically   Floitis   anhimja   deserves    8ome   Bpecial    attention.  Page  336, 
Brandt*  in  his  valuable  memoir  on  avian  anatomy  has  fully  described 
and  figured  the  skeleton.     Nevertheless  from   his   drawings   of  the 
vertebriB  of  the  cervical  region  it  is  evident  that  he  was  not  thoroughly 
acquainted  with  the  peculiarities  of  their  mntnal  articnlation, 

Eytonf  describes  chiefly  the  osteology  of  Plotm  novie-Jwlhindifpf  but 
does  not  give  figures.  The  specimen  he  refers  to  is  in  tbe  College-oF- 
Surgeons*  Museum  (No.  1179  a).  His  drawing  of  Fhalacroeorax 
eristahLs^^  however,  makes  it  apparent  that  he  fully  realizes  the  pecu- 
liarity of  the  matual  relationships  of  the  cervical  vertebrae  of  its  close 
allies. 

W.  Domtz§  draws  attention  to  a  pecnliarity  in  the  cervical  region  of 
Phttts  levailltmiii  which  will  be  refeiTed  to  fiiilher  on.  This  pecn* 
liarity  is  not  represented  in  Brandt's  fignre  of  P.  atihljiga;  and  it  ia 
not  to  he  foand  in  either  of  the  Society's  specimens,  one  being  at  leaist 
three  and  a  half  yeai'S  old. 

In  speaking  of  Fhnlacrocorax  cristatus  Mr.  Eyton  remarks,  **The 
tabercle  on  the  upper  edge  of  the  occipital  bone  has  a  pointed,  movable, 
triangular  process  attached  to  it,  which  I  suspect  has  also  been  the 
case  with  my  specimen  of  Ploimy  but  has  been  lost." 

In  the  Society's  female  specimen  there  is  a  fibrq-cartilaginous 
similarly  situated  process,  not  more  than  one-sixth  of  an  inch  long, 
which  is  ossified  in  the  evidently  older  male.  In  his  notes  on  the 
anatomy  of  the  Cormorant,  Hunter  tells  ns||  that  **a  small  bone,  abont 
an  inch  long,  passes  back  from  the  os  occipitis  and  gives  origin  tc»  the 
tcmpoml  muscle,  which  is  very  strong.'*  Tlie  same  bone  in  the  Darter, 
although  comparatively  not  so  long,  performs  the  same  function,  the 
superficial  temporal  muscles  meeting  behind  the  akuU  along  tbe  median 


*  ''M^oifM  de  FAcad.  Imp.  Sciences  de  St.  F^torsbourg/'  torn.  t.  6^"^  Bdria^ 
,  d.  8c.  Nat.  1839 

t  *•  Osteologia  At  mm,"  p.  218.  t  ^<^-  ^*'-  pi-  ▼.  f*  1. 

I  '♦An-hiv,  fiir  Anat.  u.  Phjalol."  1873,  p.  357. 
(I  **  EBsay8  and  Obiervolion*/'  t?dilixl  b?  Frol.  Owen  (1861),  vol.  il  p.  328. 
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raphe,  which  becomes  ossified  to  form  the  above-raeiitioiied  bony  stjte 
in  the  adalt  bird.     (See  Plato  [20]  XXYIII.  fig.  1  a,) 

Before  commencing  the  deseription  of  the  cservica.!  articalationft 
the  Darters,  it  may  be  mentioned  that  the  name  condition  is  obeerT< 
onlj  in  a  less  marked  degree,  in  the  Cormoranta,  and  stdll  leas  in 
Ganneta  and  Pelicans. 

The  first  eight  cerrical  vertebrBP  (iuclnding  the  atlas  and 
when  articnlated  together  in  finch  a  way  that  all  the  articular 
are  in  their  proper  relations  one  to  the  other,  form  a  cantitmoiia  cmr 
with  a  strong  concavity  forwards.  So  considerable  is  this  curve,  t 
when  the  beak  of  the  bird  is  horizontal  the  axis  of  the  pecuHarlj 
eighth  vertebra  is  parallel  to  that  of  the  skull,  or  very  nearly  so. 
The  cnrve  is  not  a  part  of  a  circle,  bnt  is  one  which  gradaally  ang* 
ments  in  acnteoess  from  nbove  downwards,  its  most  conatdermble 
development  being  between  the  7th  and  8th  vertebrfe,  which  are  con- 
Vage  337.  sequently  articnlated  nt  a  considerable  angle  with  one  another,  more 
strongly  marked  than  that  between  the  6th  and  7th,  and  this,  again, 
more  decided  than  that  between  the  5th  and  6th,  and  bo  on. 

The  8th  and  9th  verfcebrte  articnlate  so  as  to  form  an  angle  exactly 
the  opposite  in  direction^^namely,  with  its  genn  directed  forwards 
instead  of  backwards.  The  same  is  the  case  with  the  9th  and  lOtli, 
the  lOtb  and  lltb,  the  11th  and  12tb,  the  12th  and  13th;  mot^ 
slightly  so  between  the  13th  and  14th,  and  the  14th  and  15th ;  whilal 
the  15th  and  following  until  the  last  (the  20th),  which  with  the  one 
above  it  carries  imperfect  ribs,  form  almost  a  straight  line  with  one 
another,  being  slightly  bowed,  with  the  convexity  directed  bock* 
wards. 

With  the  exception  of  the  atlas  and  the  6th  and  7th,  the  cerrical 
vertebrae  are  peculiarly  elongate,  the  8th  being  more  so  than  the  olbiii^ 
as  may  be  seen  in  Plate  [18]  XXVL  fig.  1. 

Donitz  figures  a  pair  of  accessory  bony  bridges  on  the  dorsal  atirlaoii 
of  the  vertebra  following  the  most  lengthy  one,  which  mast  eviilcntlr, 
therefore  be  the  9th,  He  however,  speaks  of  it  as  the  8th,  whici 
seems  to  me  to  be  an  error  depending  on  the  omission  of  the  eonai dera- 
tion of  the  atlas,  because  in  Phttis  atthuifja  (both  from  Brandt's  fii^iiFi 
and  my  specimen!^)  it  is  most  certainly  the  9tb,  as  it  is  in  PloiuB  nacf^ 
hoUanduPi  Phtihicrocoranc  cor&o,  and  P*  luguhrii,  I  have,  however^  aol 
seen  Plotua  levaillaniii. 

Donitz  attributes  the  peenliar  kink  of  the  neck  of  the  Darten, 
which  it  is  impOBsible  to  obliterate  without  lacerating  the  8arix>iuidiiiv 
muscles,  to  the  presence  of  the  bony  bridges  he  describes ;  in  litis, 
however,  he  is  mistaken,  it  depending  on  the  above-mentioned  ptMm- 
liarity  in  the  8th  cervical  vertebra,  by  which  it  is  angularly  artionlated 
with  the  7tb  and  9ih  verlebrte,  the  upper  genu  being  posterior, 
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loisver  anterior.  In  furtlieu  veTification  of  this,  it  may  be  stat-ed  that 
in  P.  anhititja  the  bony  bridges  do  not  exist,  and  yet  the  kinking  is 
most  strongly  marked. 

AfyofotjkaJlj  the  cervical  region  of  the  Darter  is  very  peculiar,  on 
account  of  thegre^it  concentration  of  its  miiscnlar  mechanism  towards 
the  thoi'acic  end  of  that  segment  of  the  body»  the  tendons  from  them 
running  leng-thy  courses  up  the  neck.  The  Etnterior  and  the  posterior 
cervical  muscles  will  be  considened  separately* 

Anterior  cervical  region. — Normally  in  birds,  the  longus  6olU  anterior 
or  great  front  flexor  muscle  of  the  neck,  commences  as  a  series  of 
thin  teudioons  slips  from  the  middle  of  the  bodies  of  the  first  two  or 
three  vertebn©  which  carry  complete  ribs  C*^ae  dorsals).  The  fibres 
diverge  and  ascend  in  such  a  manner  that  they  form  a  bilateral 
median  mass  acutely  triangular  at  ita  lower  end.  They  receive  con- 
tinual accessions  from  the  bodies  and  hromapophyses  of  the  cervical 
vertebrae,  ending  in  slips  which  are  attached,  successi^^ely,  to  the 
apices  of  the  anterior  transverse  processes  three  or  four  higher  than 
the  vertebriB  whence  they  sprang.  Through  the  whole  length  of  the 
cervical  region  they  are  of  very  similar  mass,  and  therefore  help 
to  maintain  the  otherwise  fairly  nniform  diameter  of  the  vertebi'al 
column*. 

In  Plof^is  this  uniformity  is  conBiderably  disturbed,  irrespective  of  Page  aS8. 
the  above-described  kink,  by  the  excessive  development  of  the  lonrgus 
eoUi   in    its    lower  almost  iuterthoracic  portion,  as   well    as,  though 
to  a  less  degree^  by   the    enlargement   of    the    fongtis   e/)Ui  posterior 
l>ehied. 

In  Plotua  anhtnga,  as  above  stated,  there  are  20  cervical  vertebraa. 
A  small  slip  of  the  Imigns  colli  arises  from  the  body  of  the  third 
dorsal  vertebra,  which  is  inserted  into  the  transverse  process  of  the 
17th  cervical.  Above,  and  in  contact  with  this,  is  another  similar 
slip  to  the  10th  cervical.  From  the  bodies  of  the  2nd  and  1st  dorsal 
vertebra?,  as  well  as  from  the  an tero -median  portions  of  the  six  lower 
cervical  vertebrte,  a  large  muscle  arises  on  each  side,  in  layers  (some- 
what resembling  the  layers  formed  by  the  basal ly  expanded  petioles  of 
an  onion  bulb) — the  lower  being  partially  enclosed  in  the  upper — 
which  ultimately  form  a  hi pe uniform  mass  with  a  tendon  running 
axitiHy  through  it  and  continually  receiving  additions  in  the  form  of 
outer  coverings  of  tendinous  tissue  n rising  from  the  enclosing  muscles, 
till  it  forms  a  strong  single  tendon  which  courses  up  the  front  of  the 
neck,  close  to  the  middle  line  on  each  side,  to  be  inserted  iuto  the  down- 
ward-directed, peculiarly  long  hiemapophysial  spine  of  the  6th  cervical 


•   Vide  Owen  on  Apieryx,  ** Tmnsacticms  of  the  Zoological  Socictj/'   vol.  Ill* 

FJ.  xxxuL  p.  aio. 
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vertebra,  and  gives  off  slips,  on  its  way  up,  to  the  aerially  homologoiis 
processes  of  the  9th  and  10th  vertebras.  A  similar  tendinoiiB  slip  to 
the  11th  vertebra  has  an  independent  origin  from  the  bodies  of  the 
15th  and  16th  vertebree,  internal  to  the  main  muscQlar  mass,  which  is 
almost  the  size  of  a  lemon,  and  with  its  fellow  of  the  opposite  side,  of 
much  the.  same  shape,  filling  np  and  projecting  beyond  the  slight  ante- 
rior concavity  above  mentioned,  formed  by  the  mntoal  articnlatioxis  of 
the  15th,  16th,  17th,  18th,  and  19th  cervical  vertebras.  (In  Plate 
[18]  XXVI.  figs.  1  and  2,  these  different  details  are  clearly  shown.) 

Posterior  cervical  region, — Here  is  an  exaggerated  development  of 
muscle  in  the  jnzta-thoracic  part,  opposite  the  similar  enlargement  in 
front,  although  it  is  not  so  considerable  behind.  The  longtu  coUipoi' 
terior  is  the  mascle  which  is  excessively  developed.  It  becomes  dif- 
ferentiated from  the  posterior  dorso-spinal  mass  opposite  the  14th  and 
15th  cervical  vertebras  to  run  np  the  neck  in  the  form  of  a  fleshy 
belly  which  receives  additional  origins,  in  the  form  of  muscular  slips, 
from  the  vertebras  as  high  as  the  9th  cervical.  Where  the  slip  irom 
the  10th  vertebra  (which  is  a  small  one)  joins  it,  the  mnscle  becomes 
tendinous,  forming  a  rounded  cord,  to  the  inner  side  of  which  the 
large  fasciculus  from  the  9th  vertebra  is  attached. 

A  reference  to  the  account  given  above  of  the  disposition  of  the 
vertebras  in  this  region  will  make  it  evident  that  the  tendon  of  the 
longus  colli  posterior  must  make  a  considerable  backward  turn  opposite 
the  transverse  line  of  articulation  between  the  8th  and  9th  cervicals 
— because  there  the  two  bones  meet  at  a  considerable  angle,  wilk 
the  ge7iu  directed  forwards.  This  being  the  case,  some  special  mecha- 
nism is  essential  to  prevent  the  tendon  from  breaking  away  from  the 
Page  339.  vertebral  column  when  the  muscle  with  which  it  is  associated  contracts. 
In  fact,  a  pulley  has  to  be  formed  round  which  the  tendon  may  turn 
in  the  same  manner  that  at  the  knee,  in  birds,  the  hiceps  cruris  is  able 
to  act  upon  the  fibula  from  a  point  situated  some  way  down  it,  because 
it  is  bound  closely  to  the  greatly  bent  knee-joint  by  the  well-known 
sling-band  in  that  region.  In  Plate  [18]  XXVI.  figs.  1  and  2,  the  sling- 
band  hero  described  is  clearly  shown. 

A  similar  sling-band  is  found  in  the  posterior  cervical  region  of 
those  birds  which  have  any  great  backward  curve  of  the  neck,  it  in  the 
Gannets  being  also  associated  with  the  9th  vertebra.  It  is  nothing 
more  than  a  specialization  and  strengthening  of  the  aponeurosis  which 
is  always  found  covenng  the  muscles,  opposite  the  place  where  the 
strain  occurs.  In  Phalacrocorax  carbo  the  general  sheath  is  strong, 
and  no  specialized  band  can  be  distinguished. 

In  Plotus  anhinga  this  sling-band  is  attached  at  its  inner  end,  with 
its  fellow  of  the  opposite  side,  to  the  middle  line  of  the  posterior 
surface  of  the  neural  arch  of  the  9th  vertebra,  about  half-way  between 
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its  proximal  and  distal  extremities ;  whilst  at  its  outer  end  it  is  fixed 
to  the  tubercle  vvhicli  is  situated  just  outside  the  upper  articular  pro- 
cess of  the  same  vertebra^  a  backward  and  slanting  loop  of  tendinous 
tissue  joining  the  two  (vide  Plate  [18]  XXVI.  figs.  1  and  2). 

It  is  the  ossification  of  this  j as t- described  tendinous  loop  which 
constitutes  Donitz's  bridge  in  P,  levaiUantti  and  P.  noiHP-hoIlandias, 
111  neither  of  the  Society*s  specimens  of  P,  atthiftrfa,  nor  in  that  figured 
by  Brandt,  nor  in  a  specimen  of  the  same  species  seen  by  Donita  him- 
self,  is  this  bridge  osaiBed.  It  may  therefore  be  that  in  P.  anhinga  it 
remains  tendinous ;  or,  less  probably^  it  has  happened  that  the  four 
flpecimecs  inspected  have  none  of  them  been  adalt  birds.  One  is  at 
least  3^  years  old,  we  kuow. 

Through  this  bridge,  as  has  been  briefly  described  by  Donitz,  from 
a  dried  specimen,  the  tendon  of  the  lonfjua  rolU  posterior  passes — which 
it  does  before  it  receives  the  considerable  fleshy  faacicultis  originating 
from  the  neural  arch  of  the  9th  vertebra,  as  is  rendered  evident  in 
Plate  [18]  XXVI.  figs.  1  and  2. 

The  tendon,  augmented  by  fibres  from  the  just-mentioned  additional 
origiui  passes  up  the  back  of  the  neck,  side  by  side  with  its  fellow,  to 
end  by  being  inserted  into  the  posterior  surface  of  tho  lower  articular 
process  of  the  axis  vertebra,  it,  in  its  course,  sending  small  tendinous 
slips  to  the  corresponding  parts  of  the  third  and  fourth  cervical 
vertebne.  The  tendon  is  peculiar  in  beuig  ossified  where  it  is  opposite 
the  bodies  of  the  vertebne  with  which  it  is  related,  and  supple  at  the 
joints,  which  makes  it  appear  to  be  composed  of  nlten^ate  bony  and 
fibrous  elementa  when  it  is  removed  from  the  body.  From  the  fifth, 
fourth,  and  third  vertehrte  short  muscular  fibres  ascend  to  join 
the  corresponding  portions  of  the  main  tendon  in  single  pen ni form 
aeries. 

Tfe  is  nearly  always  the  case  in  avian  anatomy  that  the  inner  fibres 
of  the  cervical  portion  of  the  Imigus  colli  pmterior  mnscle  become 
differentiated  to  form  the  digmfrxque  dtt  rou  of  Cuvier,  better  known 
to  us  as  the  hiventer  cervicis^  a  muscle  one  peculiarly  interesting  modi-  Page  340. 
fication  of  which,  in  the  genus  Ceryh  among  the  AlcedinidoB,  has  been 
described  and  figured  by  Dr,  CttDHingham  in  the  Society's  **  Proceed- 
ings "  *.  This,  by  the  way,  I  may  mentitm,  1  have  had  the  opportunity 
of  fully  verifying.  Meckel,  in  his  "  General  Treatise  on  Comparative 
Anatomy,"  tells  nsf  that  he  found  it  at  ite  miciimum  of  development 
in  the  Gallinne,  the  Goose,  and  the  Cormorant.  In  a  Bpecimen  of  Stda 
fugeuj  as  well  BR  in  Phalacromrax  carho^  it  is  present,  but  extremely 
smaily  I  find.     It  is  entirely  absent  in  Flotms  anhinga^  the  hngus  cfilli 


•  "  Proceedings  of  the  Zoologfical  Sot-ioity,"  1870,  p.  280, 
t  Fn^ni'li  edition,  Piiria,  1820-30,  toI.  ri.  p.  11. 
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posterior  (tervkulis  aseendem,  Meckel)  entire!/  cseasiti^  at 
margin  uf  the  axis  vertebra,  in  the  tendon  above  described* 

There  are  other  rayoloo^icHl  featnreii  deserving  of  speciid 
the  thoracic  and  cmral  regions  of  the  Darters. 

The  ^rtiol  pectoral  muscle  is  composed  of  two  independent  ] 
— a  miperficial  large  one,  arising  from  the  inferior  border 
sternum,  its  carina,  and  from  the  outer  border  of  the  f  arcnla ;  ^ 
deep  one  fx<)m  the  upper  two- thirds  of  the  deeper  part  of  the 
superficial  to  the  pectoralis  seeundus,  and  from  the  syrophjs 
of  the  outer  border  of  the  fnrcnla.  The  superficial  layer  is 
by  a  broad  linear  attachment  to  the  pectoral  ridge  of  the  hz 
whilst  the  deep  layer  ends  in  a  rounded  tendon  which  conimeil 
the  axillary  marg-in  of  the  triangular  muscle,  with  whicli 
associated,  and  receives  the  fibres  of  the  remainder  of  the  mnscl 
its  course  to  its  attachment  into  the  lower  end  of  the  pectoral  ridg 
the  humerus,  beyond  the  insertion  of  the  lowest  fibres  of  the  so] 
ficial  layer.  In  Plate  [19]  XXYII.  this  arrangement  is  cle« 
Indicated.  A  condition  exactly  similar  to  this  is  observed  in  P/ta 
Pdecanus,  Sula,  the  Cathartidte,  all  the  Storks,  and  the 
and  in  no  other  bird  as  far  as  I  am  aware.  In  Fhalaor 
not  easily  recognized. 

As  in  PhalacTocxmLx  and  FhiMhovi^  but  not  in  Sula  or  in  Peh 
the  hkepg  muscle  of  the  arm  sends  a  fleshy  slip  to  the  middle 
patagial  tendon  of  the  tensor  paingii  longus  (Plat-e  [19]  XXVI L 

No  trace   of  the  ea^ansor  tecundartorum  *   muscle  ooold 
tected. 

As  in  all  the  other  Steganopods,  the  tensor  fasda  of  the  i 
does  not  cover  the  biceps  cruris  in  the  least. 

The  amhiens  is  of  fair  size ;  it  deeply  grooves  the  larg-e 
patella;  and  some  of  the  fibrous  ligament  overlapping   this 
shows  traces  of  ossification ;  so  that  in  aged  birds  the  groOTe 
converted  into  a  fcw^men,  as  is  always  the  case  in  Phalaerocorax^} 
the  thus  formed  foramen  is   far  from    superficial  (i*id4S    PUtto] 
XXVIIT.  figs,  5,  G,  and  /)*     In  a  specimen  of  Fdecanus 
the  patella  was  not  ossified. 

The  semiiendinosus  is  very  large,  composed  of  parallel  fil 
without  any  accessory  head  developed  to  join  it.     The  /n 
also,  in  all  other   true  Steganopods,   lacks  an  ottessorinM ;   U 
Ri|*  ail.  resembles  that  muscle  in  Sula   and  Peleeantis,  being 

the  ohlurator  exiemus  by  a  well-marked  interval,  which  is  not 
in  Phalaerocorax.f     It  is  to  be  remembered,  as  I  have  had  th«  i 


•   nw^  ftnte,  p.  193  (p.  323). 

t    Vide  *'  PivK'codingB  of  tlir  Zwlogit-al  Society."  1R73.  p.  ^^, 
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tutiitj  of  stating  elsewher'e*,  that  in  Frt^fjatit  aqtula  the  semitemlruosus 
IB  entirely  absent^  aa  in  ihv  A€cipitiH.>8,  wiiikt  in  Fhaelhon  it  has  an 
accessorj  head  as  well  as  a  considerable  bulk  itself,  tlieae  facts  tending 
strongly  to  verify  Brandt^s  division  of  the  Stegiinopodst  into  three 
TvelKdifferentiated  groups,  of  two  of  whii;ii  the  above-named  genera 
are  the  only  examples. 

The  alimentary  canal  of  the  Darter  presents  features  of  especial 
interest,  as  in  its  stomach  there  is  a  niodilioation  in  the  strneture  uf 
the  proventricnius  not  referred  to  in  zoological  works  general  ly.  It 
is  fully  described  by  Mr.  Macgillivray  in  Audubon*s  *'  Oniitholugical 
Biography, "J  where  an  excellent  figure  illu8ti*ates  the  account,  iti*. 
Macgillivray  also  accurately  deseribes  most  of  the  otlier  viscera.  He, 
however,  omits  to  refer  to  the  hairy  mat  in  the  second  stomach, 
"which  latter  viscus,  he  strangely  says,  is  soft  and  smooth  inside.  The 
observations  here  made,  which  are  in  accordance  with  those  o\^  Mr. 
Macgillivray,  cannot  be  considered  de  tfop^  as  the  extremely  abnormal 
conformation  he  describes  repaired  verification  before  it  could  be 
accepted  as  not  being  merely  an  individual  peculiarity. 

The  tougae^  as  an  independent  organ,  does  not  exist.  It  is  very 
small  in  all  Steganopods,  hut  fi"ee  at  its  anterior  eattremity ;  smallest 
proportionally  in  Feiecawts.  In  PloiuSt  however,  it  is  not  free  at  its 
apex,  it  forming  merely  a  longitudinal  groove  along  the  middle  of  the 
fioor  of  the  mouth,  and  ending  abruptly  behind  by  a  small  transverse 
slightly  projecting  ridge,  2 ^^  inches  in  front  of  the  nma  ghttidis,  which 
is  evidently  the  rudiment  of  the  base  of  the  organ.  The  hyoid  comua, 
1 J  inch  long,  ranning  in  the  faucial  membrane,  here  meet  and  blend. 

There  is  no  cmp  ^  the  oesophagus,  however,  is  very  dilatable.  The 
proventriculus  does  not  form  a  zone,  as  is  the  rale ;  nor  does  it  form  a 
patch,  as  in  ^irnthio^  Bhea^  Chtiutta,  and  a  few  other  birds;  but  it 
forms  a  special  gland-cavity  into  which  the  individual  constituents  of 
the  organ  open.  This  cavity  communicates  with  the  digestive  tube  by 
a  small  orifice  which  is  situated  on  the  right  side  of  the  stomach,  just 
below  the  commencement  of  the  yellow  dense  characteristic  epithelium 
of  the  stomach  in  birds.  Plato  [20]  XXYIIL  fig.  2,  will  assist  in 
rendering  this  explanation  more  distinct. 

The  pro  ventricular  compartment  is  covered  by  peritoneum,  is 
nearly  globose,  ab^ut  the  size  of  a  chestnut,  and  fixed  to  the  right  side 
of  the  lower  end  of  the  oesophagus.  On  superficial  inspectioD  it  looks 
very  like  an  enlarged  spleen  (that  organ  being  subglobosc  in  birds). 
Its  cavity  is  very  small,  being  much  encroached  upon  by  the  great 


•  *'  ProtwdiDga  of  th«    Zoological  Soriotjr,"  1873,  p.  636,  nnd  1874,  p.  122 
{Huprd,  pp.  19H  and  22L) 

t  **  Proc4?€diiig»  of  tin?  Zoolofpiml  Society,**  1874,  p,  122.     {JSHprH,  p.  221.) 
I  VuL  IT,  p,  158, 


342  ON  THE  ANATOMY  OF  PLOTUS  ANHINGA« 

depth  of  the  cylindrical  glands  which  compose  its  walls.  The  yellow 
stomach-epithelium  surrounds  its  orifice  and  goes  no  fnriher.  There 
Page  342.  are  no  indications  of  additional  proyentricular  glands  at  the  lower  ter- 
mination of  the  oesophagus,  the  epithelium  in  that  part  being  quite 
smooth  and  apparently  squamous. 

This  further  development  in  Plotus  of  a  special  and  well-differen- 
tiated  gland-organ  from  what  in  other  birds  is  a  zone  or  a  simple 
circalar  patch  of  glands,  is  very  similar  to  the  equally  nncommon 
development  of  the  cardiac  gland-organ  in  the  stomach  of  the  Manatee, 
which  is  most  certainly  only  a  modification  of  the  similarly  situated 
gland- patch  in  the  Dugong. 

The  stomach  is  not  developed  into  a  gizzard,  its  walls  in  no  part 
exceeding  one-sixth  of  an  inch  in  thickness.  It  is  divided  into  two 
compartments,  a  cardiac  and  a  pyloric,  as  is  that  of  the  Pelican.  The 
former  of  these  corresponds  to  the  gizzard  in  most  birds,  the  latter  to 
the  imperfectly  formed  cavity  associated  with  the  pyloric  valve  in  the 
Storks,  Gannet,  Ac.  (vide  Plate  [20]  XXVIII.  fig.  2). 

Of  the  stomach  of  the  Pelican,  Hunter  tells  us*  that  **  it  is  oblong 
much  in  the  direction  of  the  oesophagus,  with  a  little  curve,  smallest 
at  the  lower  end  :  it  makes  a  quick  turn  and  swells  again  into  a  round 
bag ;  or  it  may  be  supposed  that  from  the  side  near  the  lower  or  smaUer 
end  is  attached  a  bag  whence  the  duodenum  arises."  In  the  Catalogae 
of  the  Museum  of  the  Koyal  College  of  Surgeons  (1852),  Prof.  Owenf 
remarks,  with  reference  to  a  specimen  (No.  519)  of  the  stomach  of  a 
Pelican  (Pelecamis  onocrotaltui)^  "  The  oesophagus  is  continued  into  the 
proventriculus  or  glandular  cavity,  without  any  marked  constriction ; 
and  the  latter  passes  insensibly  into  the  part  analogous  to  a  gizzard. 
This  part  communicates  by  a  transverse  aperture  with  a  small  globular 
cavity,  which  is  lined  by  a  vascular  membrane,  and  communicates 
with  the  duodenum  by  a  very  small  oblique  aperture.  This  super- 
added cavity  renders  the  analogy  between  this  stomach  and  that  of 
the  Crocodile  complete,  with  the  exception  of  the  absence  in  the  latter 
of  distinctly  developed  gastric  glands.  These,  in  the  Pelican,  are 
simple  elongated  follicles,  closely  compacted  together,  and  extended 
over  a  large  surface."  In  Plotus  the  second  cavity  is  similarly 
situated,  interveniug  between  the  stomach  proper  and  the  duodenum. 
The  denso  yellow  epithelium  of  the  one,  however,  extends  into  the 
other,  right  up  to  the  pyloric  valve.  [It  may  be  that  in  the  specimen 
described  by  Prof.  Owen  the  lining  had  been  previously  stripjxjd  off 
which  may  have  led  to  the  term  vascular  being  applied  to  the  mucous 
membrane  of  the  second  stomach.] 

•  "  Essajs  and  Observations,"  Owen's  edition,  1861. 
t  Vol.  i.  "  Orgiins  of  Motion  and  Digestion,"  p.  148. 
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Hunter,  in  Lis  diasection  of  Sula  aad  Phatacrocorax,  does  not 
mention  the  existence  of  a  Becond  stoinacli ;  and  I  have  not  observed 
or  found  recorded  each  an  arrangement  in  either  of  those  genera,  or  in 
Phaeth&ti,  or  in  Fregata, 

In  Flotiis  there  is  still  another  peculiarifyj  which,  as  far  as  I  know» 
is  found  in  onJy  one  other  bird,  namely  Cathuries  aura.     In  Audubon's 
**  Ornithological  Biography;"*  Mr,  Macgillivraj  tells  us  that  in  the 
stomach  of  C,  aura  **  there  is  a  pyloric  lobe   [second  compartment]  Page  343. 
about  half  an  inch  in  diameter,  which  is   lined  with   bristly  hairs. 
They  are  idl  inserted  at  right  angles  to  the  surface,  penetrate  to  the  base 
of  the  epithehnmj  and  are  of  various  lengths^  some  of  them  not  pro- 
truding beyond  the  surface,  others  upwards  of  half  an  inch,  of  various 
colours,    some    black,    generally    tipped    with    whitish,    others   light 
grey i eh  yellow,  all  thick  at  the  base,  and  tapering  to  a  fine  point. 
Being  disposed  in  a  regular  manner,  they  might  seem  to  form  a  part 
of  the  organization  of  the  stomach,  and  not  to  be,  like  the  bairs  found 
in    Cwiulus  cmwrus    and    Coccyxus  americantts,   merely   extraneous." 
The  pyloric  orifice  mFlofm  anhinga,  as  ia  seen  in  Plate  [20]  XXVIIL 
fig,  2,  is  protected  by  a  mat  of  lengthy  hair* like  pi*ocesses,  much  like 
cocoa-nut  fibre,   which  nearly  half  fills   the  secoud  stomEich.      This 
second  stomach  ia  globose,  and  nearly  an  inch  in  external  diameter. 
Its  dense  lining- mem bmne  is  raised  into  short  rugEB  and  tubercles,  an 
is  that  of  the  first ;  and  it  is  evidently  a  modification  of  the  epithelium 
which  develops  these  tubercles  in   the  region  of  the  pylorus  which 
gives  ri^e  to  the  above-mentioned  mat-sieve.     The  hairs  composing  the 
mat  are  hispid,  slender,  and  about  half  an  inch  long.      They  arise 
from   a  surface  a  little  less  than  a  square  inch  in  ai*ea  round  the 
pylorus,  which  is  in  its  centre.     They  cease  at  the  very  margin  of  the 
small  circular  orifice,  where  the  commencement  of  the  delicate  mucous 
membrane  of  the  duodenam  can  be  just  seen.     My  friend,  Mr*  E.  A. 
Schiifer,  Assistant  Professor  of  Physiology  at  University  College,  has 
very  kindly  examined  these  hairs  microscopically,  and  tells  me  that 
**  they  are  much  more  like  true  hairs,  both  in  structure  find  mode  of 
attachment,  than  they  are  like  the  epithelial  projections  which  are  so 
uften  met  with  over  the  filiform  papilla?  of  the  human  tongue,  which, 
at  first  sight,  they  much  resemble.      Like  hairs,  they  consist  of  an    * 
outer  *  cuticalar  *  part,  and  an  inner  *libroiifl  '  part ;  and  in  some  places 
there  is  also  yet  another  substance  running  along  the  middle  of  the 
fibrous  part,  which  might  he  compared  to  the  medulla  of  a  hair.     The 
cuticalar  part  is  mueh  thicker  in  proportion  than  that  of  a  cutaneous 
hair,  and  furms  here  and  there  dentate  projections  at  the  sides  of  the 
filament.     The  cuticle  is  continuous  with  the  horny  superficial  portion 


^  Vol,  V.  p.  a4o. 
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of  the  siratified  epithelium  wliich  covers  tliia  part  o£  the  stomacli ;  ifl~ 
tieitber  can  the  outlines  and  nuclei  of  the  coraponent  cells  be  distiocUj 
seen,  the  cells  having  blended  into  a  nearly  homogeneoas  Biib&tanc«. 
That  portion  of  the  hair  which  extends  below  this  into  the  deeper 
lajei's  of  the  epithelium,  appears  not  to  be  covered  with  a  proloiij^tton 
of  the  cuticle,  but  to  be  formed  only  of  the  fibrous  part.  This  last- 
named  seems,  like  the  fibrous  or  cortical  constituent  of  a  cutaneoua 
hair,  to  be  composed  of  a  closely  set  bundle  of  much  eloo^ted  come- 
fied  epithelial  cells,  slightly  larger  than  those  of  a  cntaneous  hair,  and 
vith  their  extremities  not  fusiform  (as  io  that)  but  trtincated.  The 
number  id  a  cross  section  varies  according  t^  the  size  of  the  ^lament. 
They  may,  in  many,  be  seen  projecting  at  the  end  a  little  bejond  the 
cuticular  part. 

"The  roots  of  the  gastric  hairs  are  so  closely  set  as  to  occupy  the 
Page  344.  greater  portion  of  the  mucous  membrane,  so  tbat  the  connective  th 
of  the  coriura,  which  occupies  the  intermediate  8pace»  is  very  small ; 
amount.  Between  the  tissue  and  the  hair- root  is  seen  a  hkjer  of 
columnar  epithelium  cells,  which  in  some  places  are  of  oonBiderable 
length .  They  are  continuous  towards  the  surface  with  the  deeper 
cells  of  the  stratified  epithelium.  They  represent  the  *  root-aheaUis * 
of  the  cutnneous  hair,  and  seem  to  have  undergone  a  horny  meta> 
morphosis. 

**  At  their  extreme  ends  the  roots  arc  entirely  different  from  the 
of  the  cutaneous  hairs.    There  is  no  hair-knob  and  no  papilla  ;  but 
root  generally  breaks  np  into  two,  three,  or  more  short  rootlets, 
of  which  tapers  to  a  pointed  extremity.     This,  at  l^^t,  is  the  appear^ 
ance  in  vertical  section  ;  but  transverse  sections  show  that  this  branch- 
ing ol  the  hair-root  has,  at  aH  events  in  the  first  instance^  more  of  a 
laminated  character. 

*'  These  nx^tlet8  are  covered  by  a  layer  of  cubical  epithelimn  cells, 
which  are  continuous  with  the  columnar  cells  surrounding  the  (loir- 
root.  The  latter,  as  before  remarked,  is  formed  merely  by  the  fibroi 
substance  or  cortical  portion  ol  the  hair;  and  the  fibres  which  i 
pose  this  would  therefore  seem  to  be  in  some  way  produced  bj 
a?  Lis. 

•*  Some  few  hairs  seem  to  end  by  a  single  tapering  rootlet,  but 
most  of  them  spread  out  and  branch  in  the  way  described." 

This  pecuhar  hairy  mat  must  act  as  an  excellent  sieve  to  preTent 
the  entrance  of  solid  particles,  fish-bones^  &c.,  into  the  narrow  in* 
tes  tines. 

The  small  intestine  is  55  inches  long  in  the  female,  and  40  inches 
in  the  male ;  and  it  is  not  capacious.  The  duodenal  loop  measures 
*S  inches  in  each  limh  The  left  lobe  of  the  bilobed  liver  is  aboat 
the  si^  of  the  right ;  and  a  gall-bladder  of  considerable  sise  is  preaetil 
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The  large  intcBtine  is  6  inches  long  in  the  fenrnh*,  and  3  inches  in  the 
male.  There  is  only  a  single  CEectioa,  exactlj  like  thiit  in  the  ArdeitliE, 
in  mj  apecimens.  This  conformation  of  ca?cnm  is  found  in  no  other 
Stcganopud  bird,  there  being  two  caaca  in  all  the  other  genera.  These, 
in  FelecaniiSy  are  a  little  ov^er  an  ioch  in  length,  in  Sula  slighllj 
shorter,  whilst  in  FhalacrocoraXj  -Fref/a^cr,  and  Phaelhon  thej  are  simple 
knob4ike  bodies,  nearly  globose  in  furm,  Tho  rudiment  of  the 
vitelline  duct  is  persistent* 

In  the  distance  of  its  diminutive  caxrum  from  the  cloaca  (in  other 
words,  in  the  length  of  the  large  intestine)  Flotus  diflers  slightly  f  mm 
its  allies.  In  Pelecajins  the  large  intestine  is  nnder  2  inches  in 
length  ;  and  it  is  much  the  same  in  Sid^L,  In  Fhaelhttn  it  does  not 
exceed  a  quarter  of  an  inch  in  Jength,  It,  however,  differs  consider- 
ably in  my  two  specimens,  being  in  both  longer  than  the  same  in 
Audubon's  specimen. 

In  the  nrino-genital  system  of  Flofus  anJnHga^  in  both  sexes,  the 
ducts  open  in  the  normal  maimer  into  the  cloaca,  just  above  its  lower 
oriBce.  This  orifice,  however,  is  not  on  the  surface,  but  is  into  a 
cavity,  behind  the  cloacaj  which  opens  externally  quite  close  to  the 
place  where  the  two  communicate.  Except  for  this  nearly  marginal 
orifice  the  second  cavity  is  a  ca^cal  sac,  oval  in  shape,  and  about  1^  inch  Ftigfl  345. 
high,  covered  at  its  blind  end  with  the  crypts  of  shallow  glands,  which 
also  run  down  its  sides.  That  it  is  a  modification  of  the  bursa  Fahricii 
cannot  be  donbted. 


EXPLAIN ATICN  OF  TEE  PLATES. 

Plate  18.     (XX^a.) 

Pig.  1.  View  of  left  side  of  neclt  of  Ftoius  aithlngay  dieseiied.  Lcm.  longua  colli 
anierior  iiuiM'lui  J  Lc.p.  longiie  colli  posberiar  muJ^^.*le.  The  fibrous  repre- 
fletitutivu  of"  l>oiiitx's  btidgc?  ia  seen  attftdied  to  the  ninth  cc'nit-al  rertubm* 
2.  View  of  part  of  the  poatcriur  region  of  the  neck  of  P/u/«*  anhiHifa.  The 
ronian  figure*  refer  to  the  cervical  fertebrie  counted  from  the  head. 
DoDits's  bridge  ja  «eeii  atlaehcd  to  Ibo  niuth ;  and  at  a  in  aI«o  iei^n  * 
iihrou*  band,  which  IB  of  uindlur  fuuetionj  attuchcd  to  the  eleventh.  At 
h  ift  fecen  the  fusciculus  of  the  tendon  of  the  poi»teriur  neck-muscle  whirh 
triiTciBca  the  fibrous  loop,  which  latter  huae  been  renjovcd  on  the  left  aide. 

Plats  19.     (XXVI  I.) 

View  of  the  antt-rior  thoracic  region  of  Fhim  aahmr/a^  disserted  to  ehow  the 
lupcrfirial  (p.  1,  1)  and  dc<rp  layer  {p.  1,  2)  of  the  poctontlia  ntajor  muscle 
ou  the  right  side,  hb  well  afr  the  pivtomlis  minor  (p,  2)  on  the  left.  The 
insertion  of  the  decj>cr  hiver  of  the  pccturali*  niujor  u  ecen  to  be  sur- 
rounded h%  the  much  more  considcRtblc  ma^s  of  the  similar  portion  of  tlio 
sup^TJicial  »tronger  taver.  The  triceps  (/)  and  tho  biceps  (A)  of  thecnbitua 
tire  seen  on  the  right  ude^  a»  in  the  pntsgial  *ljp  {h.  t)  of  the  latter.     Tlio 
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(if.)  it 
by  tha  anteioff 
timdailj  povwfal  fai  tlw 

p&An  aa  pocviiL) 

l%.l.TiiirqftopoC]i«4flCi>Mw«Mviibd»iriii«  Ihs  088%iM  i^li  M 
tlM  tamponl  mnaek  (Q  ttUng  ftioB  it  OD 
2.  Stomach  of  FMrni  mmkiiigm,  kaU^  fiwr. 
S.  AntariorTiawoCtlMlairerfladoCtba 
4.  Olie  Mine  In  Alls  ftMMM. 

5aiid^  Top  and  liat  yhnrotiikmftkdk^Mmtmmmmmmm  mm^U,  i^a^ 
OBiial  for  tha  ambiaoa  miiMleL  iU.  Tha  tddm  vlav  Oif.  Q  k  aarifa 
cbmwn  iritli  tha  baia  appwrnoot.  • 

aUaMMMk 


7.  FwptofpataUainPtolwaaKiyidaq^ywfadly ) 


55.  NOTE  ON  POINTS  IN  THE  ANATOMY  OF  LEVi 
LANT'S  DABTEB  {PLOTUS  LEVAILLAMTI).^ 


Fhge  079.  Ik  ^  former  oommoniofttiont  I  bad  the  oppmrtuulgr  of  hrii^ 
before  the  Sooieiy  aeTersl  fMti  with  xefinenoe  to  tha  hmIoh; 
Flotua  amhinga^  and  of  ooofiriDing  Mr.  HMgOlrpny '■  ^^mm— ^  oi 
most  peculiar  proTentricnliia.  Several  qieoiinema  of  the  flpeeHi] 
ginoe  passed  through  mj  hands  which  diffor  in  no  'm9^  from  Hut 
described. 

On  the  9th  of  March  last  the  Sodely  obtained  for  the  fint  I 
by  purchase,  a  male  specimen  of  LevaiUant's  Darter  (Pfo/m  It 
lanti)  from  Senegal.  It  unfortunately  died  on  the  7th  of  thm  m 
(May)  from  peritonitis,  the  result  of  a  perforating  ulcer  in 
stomach. 

The  severity  of  the  peritonitis  caused  all  the  abdominal  viaoe 
be  agglutinated  into  a  single  mass,  and  rendered  them  particd 
soft.  Nevertheless  I  was  able  to  disentangle  most  of  the  alimei 
canal  for  examination ;  and  it  has  proved  of  more  than  ordinar 
tercst,  as  the  following  description  will  serve  to  show. 

The  tongue,  as  a  free  organ,  is  obsolete.  The  oesopha^ua  is  c 
cious,  without  any  crop.  The  oesophageal  epithelium  ceases  abrv 
by  a  transverse  line  where  the  gastric  portion  of  the  canal  commei 
below  which  it  is  replaced  by  the  tough  yellow  epithelium  ao  chi 
teristic  of  the  situation. 


1878. 


**  Proceedings  of  the  Zoological  Society,"  1878,  pp.  67^-81.     Read^  Jul 


t  "  Proceedings  of  the  Zoological  Society,"  1876,  p.  336.     (SuprA.) 
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The  proventricnlas   is    composed   of  two    circular  areas   of  deep 

I  glands,  which   latter  are  of  cousiderahle  size  and  do  not  come  into 

» contact,  being  situated    laterally  upon   opposite  aides  of  the   gullet,  Pago  680, 

These  areas  ai'e  flat,  except  at  their  upper  margins,  where  a  small 

transrerse  ridge  m  developed,  which  may  be  the  alight  foreshadowing 

of  the  special  cavity  dev^eloped  in  Floius  anhinga  for  the  reception  of 

►  the  secretion  of  the  gaatnc  glands.     But   in  P.  levaiUanii  it  ia  to  hi^ 

noticed  that  there  are  two  glaLid-surfaces,  whilst  in  P.  anhinga  it  will 

be  remembered  there  is  but  one  gland-cavitj. 


t-: 


I  ^5^53160: 


*  1  f 


Tiew  of  the  inner  surfiiee  of  the  poBt<?rior  wall  of  iht^  ptonrnfh  of  Pfofvs  Uvaillaniit 
with  the  (EAOphiiguii  eht  up  auteriorlj  so  n*  to  &how  t!ie  whole  of  it«  jiroTen- 
tricular  Mirface*  willi  Uu*  two  gltind-Breflii  and  the  U-frhiip«l  cleTation  on  its 
anterior  wall  (on  Iho  Icfi  of  the  figure),  ha  well  o«  the  pjloric  iiifimdihiiliform 
plug- 

The  calibre  of  the  cesophagns  must  be  somewhat  diminished  by 
the  presence  of  a  curious  U-shaped  ridge  upon  the  mucous  membrane 
of  its   anterior    wall,    which    is    situated   between    the  antaro- lateral 
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HaJicore  and  Phttis  levtiiUnnti  being  converted  into  a  glandular  cavity 
in  Mtinatus  and  Flotm  anhliMja. 


5fi.  NOTES  ON  THE  ANATOMY  OF  THE  COLIES 
(COLfUS)* 

Aboqt  the  Byatematic  position  of  the  Colies  tbere  lias  always  been  Page  416. 
considerable  uncertamty,  partly  on  account  of  the  peculiarities  of  tlieir 
habits,  and  partly  because  their  internal  a  true  tare  is  but  incompletely 
known.  One  of  the  examples  of  Ooliu§  ccLstanfmatus^  sent  to  the 
Society  by  Mr.  H.  C.  Tait,  C.M.Z.S.,  having  died  just  as  it  reached 
this  countiy,  I  have  had  the  opportunity  of  dissecting  the  bird,  and  of 
examining  several  of  its  special  anatomical  details. 

Dr.  Muriet  has,  not  long  since,  given  os  an  excellent  resume  of  the 
views  entertained  by  different  natui*alists  as  to  the  Bysteniatic  position 
of  the  Colies,  few  of  which  are  based  on  any  thing  more  than  external 
form  and  habits.  BurcbellJ  placed  them  close  to  Carythaix ;  and  he 
has  been  followed  by  many,  Mr.  Wallace,§  from  a  study  of  their 
habits,  refers  them  to  the  Pan^ot  tribe. 

In  his  "  Pterylography  *'  NitzBch||  places  Coitus  among  bis  Amphi- 
boliB,  together  with  Musctphuf^a  and  Opisthocomus^  mentioning  never- 
theless that  the  genus  "  has  a  very  I'craarkablo  arrangement  of  the 
feathers,  and  can  only  be  compared  in  this  respect  with  Bucero^J^ 

In  his  important  memoir  **  On  the  Classification  of  Birds,"  Prof. 
Huxley^  places  Ctdius  among  bis  DesmognatbcBj  in  the  smaller 
group  Coccygomorph^e,  the  genus  being  the  sole  representative  of  one 
of  its  minor  divisions.  Prof.  Huxley  makes  no  special  reference  t<i 
the  skul!. 

Dr.  Marie  hon  given  us  valuable  information  on  the  osteology  of 
the  bird**;  and  I  am  able  to  confirm  most  of  his  observations. 
There  is,  however,  one  part  of  the  skeleton  (the  palate)  where  my 
results  differ  considerably  from  those  of  my  predecessor ;  and  these 
it  it  necessary  for  me  to  record.     Dr,  Murie  tells   ns  that  the  speci- 


•  "  ProctMydings  of  rhe  Zuologiral  Society/'  1876,  pp.  41G-20.      Eoad,  Maj  2, 
1876.  t  "^  ibis;*  ie72,  p.  262. 

J  "TtHTels  iu  South  AfnrA,"  rob  i.  p,  214  {foot  note). 
§  ♦'  Anniila  and  Mag.  of  XiiL  Hist.,'*  185G,  p.  213. 
II  Raj  Socit»iT*s  EngllBfi  Trtin?i1iilion,  edited  by  Mr.  Sckter,  p.  107. 
^  **  Procectling*  of  the  Zoological  Soriftj,"  18G7t  p.  4SS. 
••  Xur,  rtY.  p.  2nf?,  PI.  X. 
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men  at  his  disposal  was  somewhat  injured;  nerertheleas,  of 
maxillo-palatine  processes  of  the  maxillarj  bones,  he  says  that 
intrude  but  a  slight  way  beyond  the  palatal  rods,  and  leave  a  * 
middle  space  betwixt  them,  and  that,  *'  as  respects  the  presence 
vomer,  there  is  apparently  a  short  one,  tapering  rather  than  abn: 
truncate  anteriorly,  and  not  visibly  cleft  behind."  Dr.  Marie  tl 
fore  removes  Golius  from  among  Prof.  Huxley's  Desmognalbas^ 
consequently  from  the  Coccjgomorphaa. 

In  the  preparation  of  the  skull  of  my  specimen  of  Colitis  cam 
Page  417.  notus  I  have  taken  special  care ;  and  I  find  that  the  bird,  as  wi 
seen  by  the  drawing  which  I  exhibit,  is  without  doabt  deemo 
thous.     Moreover,  as  the  desmognathism  apparently  depends  oi 
fusion   of    the  feebly  developed   maxillo-palatine    plates    across 
i:  middle  line  as  well  as  with   the  ossified   nasal    septum,   it  she 

j  according  to  the  valuable  nomenclature  of  Prof.  Parker,*  be  tei 

H  direct  (of  the  first  variety),  as  in  the  Falcons.     It  is  not,   howi 

l!  possible  to  determine  with  certainty  from  the  adult  skull  (from  i 

at  least)  whether  the  nasal   septum   has   intervened    between 
'  maxillo-palatinos,  as  in  the  Eagles,  Vultures,  and  Owls,  and  as  it 


Palate  of  Colius  castanonotuSy  x  2^. 


•  "  Transactions  of  tlio  Zoologii-al  Socioty,"  toI.  IX,  p.  293. 
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tlic  AlcedmidJBB,  bocanse  in  tliem  there  ia  a  demonstrable  interval 
between  the  free  posterior  ends  of  these  plates,  the  intermediate 
septa!  bond  bat  incompletely  uniting  them,  A  slightly  more  extenaive 
ossification  in  this  region  wonld  reproduce  a.  Parrot's  palate  in  that 
of  the  Col  J. 

Next,  with  reference  to  the  vomer,  the  restilt  of  carefully  watching 
the  sknil  during  maceration,  and  of  a  minute  inspection  of  the  palate 
in  the  prepared  specimen,  convinces  me  that  that  bone  is  not  ossified. 
In  thufl  lacking  the  vomer,  Colius  and  Alced^  agree. 

The  sternum  of  my  specimen  closely  resembles  that  figured  by 
Dr.  Murie;  the  crenu la t ion,  however,  of  the  lateral  margina  of  the  Page  419, 
keel-bearing  middle    xiphoid   process  ia   not  apparent.      The   bone 
resembles  that  of  the  CapitonidaB  more  than  the  sternum  of  any  other 
bird  (see,  for  comparison,  Ey ton's  "  Osteologia  Avium,"  plate  8), 

In  the  structure  of  its  soft  parts  Colius  presents  several  interesting 
features  which  assist  in  the  determination  of  its  affinities. 

^The  skin  is  particularly  tough,  much  like  that  of  the  Swifts  in 
this  respect*  Only  one  carotid  artery  is  present,  the  left*  In  the 
Musophagidie,  CnculideB,  Coraciidse,  Galbulida3,  and  Alceditiidss  we 
know  that  both  a  right  and  a  left  artery  are  always  developed  ;* 
whilst  in  the  BucerotideB  Toccits  possesses  only  the  left,  Buceroi 
having  both, — the  left  only  being  found,  as  in  CoUu»^  in  the  Picidse 
(i.  e.  Picinae,  RamphastiuBB,  and  Capitoninw),  Upnpidas,  Meropidro, 
Trogonid?e,  and  Passerea*  As  far,  therefore,  as  the  carotid  arteries 
are  concerned,  the  Coliea  do  not  resemble  the  Musophagidoe,  their 
supposed  nearest  allies.  Their  comparison  with  Parrots  must  be 
reserved  till  further  on, 

Myologically,  Colius  wants  the  amhien»  muscle.  It  ia  therefore 
AnomalogonatouB,t  and  agrees  with  the  passeriform  and  piciform 
birds  only,  differing  essentially  from  the  MusophagidBB.  The/emoro- 
raudal  is  well  developed,  but  has  no  accessory  head.  The  semi' 
tendinogits  and  its  atJcesKory  head  are  both  fairly  developed.  The 
myological  formula  of  the  bird  on  the  system  adopted  by  me  in  my 
paper  on  classification,  just  referred  to,  is  A,XY,  the  same  as  that 
of  most  Passeriformes  and  Piciformes,  but  differing  importantly  from 
that  of  the  Musophagidce  (AB,XY)  in  the  absence  of  B,  the  acces&onj 
femoro-catidal  muscle.  The  tensor  faseim  of  the  thigh  does  not  in  the 
least  cover  the  biceps  muscle. 

In  the  arrangemeut  of  its  plantar  tendons  ColinSf  although  so 
peculiar  and  uncertain  in  the  manner  in  which  it  employs  its  toes, 
exactly  resembles   the  feeble- footed  Alcedinidee,  and  hardly  differs 


•  "  Proceedings  of  the  Zoological  Si>cietj/*  1873,  p.  464.     (iSifprd.  p.  168  ) 
t  •'  Pnicf^dings  of  the  Zoological  Society,"  1874,  p.  116.     (Sitpr^,  p.  213.) 
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from  tLe  CoraciidaD,  Meropid»,  Bacerotid»,  and  CaprimalKids 
Musophaga  the  distribution  of  the  tendons  is  on  quite  ani 
principle,  as  it  is  in  the  Psittaci.* 

The  intestines  of  Oolius  are  voluminous  and  short,  being 
9  inches  in  length.  I  could  find  no  trace  of  intestinal  ( 
Nitzsch  has  shown  that  the  oil-gland  is  tufted,  and  that  there  ar 
rec  trices. 

In  my  paper  on  the  classification  of  birds  I  proposed  to  distri 
the  AnomalogonatiB  into  two  groups,  according  to  whether  the 
are  present   and   at   the  same   time   the  oil-gland  is  nade,  oi 
ctBca  are  absent  and  the  oil-gland  is  tufted,  arranging  them  in 
following  manner : — 

Page  420.  PiCIFORMES.  PaSSEBIPORICES. 

With  tufted  oil-gland  and  With  nude  oil-gland  and 
without  cceca.  with  csBca. 

r  Pici,  Passeres. 

<  Caption inre.  Biicconidep  (p  as  to  ctcca,] 

L  Rampkastince.  Troganidm, 

JJptip  idcp .  Meroptdre, 

(ColiidfE) .  Galhulidce, 

Bucerotidce.  CaprimulgidcB. 

Alccdinidcp.  f  CoraciidtB. 

1  Momotidcp, 

From  what  has  been  said  above  it  is  evident  that  Coitus  vans 

included  anion^  the  PiciformeR,  and  near  those  of  this  division  i 
a  left  carotid  only,  a  fonr-notcbcd  sternum,  and  a  blended  plat 
tendon  aiTanii^ement.  No  other  piciform  bird,  however,  combine 
these  characters.  In  the  Alcedinidie  the  sternum  and  plantar 
rangenient  correspond  ;  in  the  Bncerotidre  Tnccns  agrees  as  to 
carotid  and  the  plantar  tendons.  The  Picidn)  (PieintB-hCapitonin 
RamphastinaO  have  a  left  carotid,  a  two-notched  stenuim,  bt 
s])ecialized  j^lantar-tondon  distribution.  Consequently  the  fact 
the  combination  of  characters  is  unique  justifies  us  in  retiunincr 
C()liida»  in  a  separate  family,  related  on  the  one  hand  to  the  Pic 
and  on  the  other  to  the  Alcedinida^  and  Bucerotida\ 

Something  must  be  said  with  reference  to  the  ])robability  of  Ct 
having  psittacine  airmities.  It  is  an  interesting  fact  that  in  tl 
species  of  the  genus  ('ucntna  («fnJcrifft^  Iv(iilhcitfrrt\  molurrcusis^  , 
in  which  the  oil-gland  is  n(^t  lost,  the  resemblances  (only  nccide 
I  assume)  to  the  genus  ('  <}i'ifi  are  peculiarly  numerous.  In  tl 
Ciirnfucv  there  is  a  left  carotid  artery  only,  no  ambiens   muscle,  an 


♦    I'iih  "  Pn»(vr(liniT;!«  of  tlu*  Z-u^louii-al  Si)i-i«»t^."  ISTo.  p.  3:{9.      {^^itprii^  p.  2 
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mjological  formala  AJLY,  Nevertheless  I  liope  that  in  mj  paper 
on  the  Oi*der  Psittaci*  the  impression  left  by  its  perusal  is  that  tho 
Parrots  all  Bprang  straight  away  from  a  Rtock  with  two  carotid.**  and 
an  ambiena  muscle.  Such  beinj^  the  case,  and  Coliiis  most  certainly 
not  being  a  true  Parrot,  the  arguments  in  favour  of  its  having  arisen 
independently  from  the  psittaoine  ancestor,  and  of  ita  having  under- 
gone (also  independently)  cacatniforra  modificationa  during  the 
progress  of  ita  evolution,  ar<^  Iosb  easy  to  accept  than  those  which 
snppofle  it  to  have  Bprnng,  as  I  have  above  assumed,  from  the  leaa 
specialized  stock  whence  has  been  derived  all  the  Anomalogonatfe. 
The  form  of  the  st^^rnura  and  the  distributiun  of  tho  plantar  tendona 
are  in  favour  of  this  view  of  the  question. 

It  may  be  mentioned  that  the  syrinx  of  Oolins  (which  has  been 
figured  by  Johannes  Jriillert  in  a  closely  allied  species)  is  moat 
nearly  related  to  that  of  Oerifle  among  the  Kingfishers, 


ON  SOME  ANATOMICAL  PECULIARITIES  WHICH 
BEAR  UPON  THE  MAJOR  DIVISIONS  OF  THE 
PASSERINE  BIRDS,    P.\rt  I4 

(Platea  XXI— XXVL) 

A  SPECIAL  analysis  of  tbe  pecBliarities  of  structure  presented  by  dif-  pag©  506, 
ferent  Passerine  birdis  can  hardly  be  considered  premature*  Since  the 
investigiitioDB  of  Nitzsch,  Sundevall,  Keyserling  and  Blasins,  Johannes 
Muller,  and  Cabanis  little  of  decided  importance  baa  been  made  out 
with  reference  to  the  distinguishing  ehai^cters  of  the  gv^np  or  of  ita 
primary  divisions,  if  we  except  the  researckes  of  Professors  Huxley 
and  Parker  on  the  palate  in  the  class  Avcs  generally,  A  glance  at  the 
history  of  the  Order  will  be  the  best  introduction  which  I  can  offer  to 
the  facts  which  it  ig  my  desire  upon  the  present  occasion  to  bring 
before  the  Socif^ty. 

Although  the  name  '^Passeres  "  was  coined  by  Linnaeus,  that  illus* 
trious  naturalist  did  not  appreciate  the  unity  of  the  group,  bis  classi- 
fication compelling  him  to  include  the  Colnmbte  in  tho  order,  which 
was  defined  as  having  **  rostrum  con ico-attenua turn/'  and  Faradueat 


•  '•  Proceeding*  of  the  Zoological  Sooi<?ry/'  187 1,  p,  686.     (Supr^,  p,  247.) 

t  '*  Uebcr  die    bi^her    uiibokuiintc<u    t^[)ijM:hen  Terschiedenlieitea    der   Stimm- 

Ofgane  der  Pas^rineri,"  18-i7,  PI.  V.  figs.  i>-12, 

t  "  Proceediiiga  of  the  Zoologiod  Society/*  1877,  pp,  506-19.      Pie.  XLVIII— 

LIIL     Umd,  June  6tb,  1876. 
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Cor  VIM,  together  with  Certhia  among  the   "PiciB,*'   "rofltpo  saperne 
comprcsso  convexo.*' 

Cnvicr,  in  1798*,  made  a  great  step  in  adyanoe  bjr  forming  an 
order  ^^  Posscros "  to  inclade  all  those  now  so  called,  together  with 
those  non-swimming,  non-wading,  non-climhing,  non-raptorial,  non« 
gallinacoons  hirds  in  which  there  are  not  two  toes  of  the  foot  retro- 
verted. 

NitzRcht  was  the  first  to  appreciate  the  tme  limitR  of  the  order, 
when  in  1829  he  grouped  together  the  birds  now  termed  Passebes  in  a 
single  section,  entirely  by  themselves. 
Page  507.  C.  J.  Sundevall,  in  1831,  discovered  that  in  the  birds  which  he 
had  the  opportunity  of  examining  that  belonged  to  the  order  Passcres 
of  Nitzscli,  and  only  elsewhere  in  TJpupa,  the  tendon  of  the  flexor 
longus  liallucis  is  quite  independent  of  the  flexor  perforans  digitorum 
pccliSj  a  bond  of  union  of  one  kind  or  otherj  joining  them  in  other 
birds. 

Kcyscrling  and  Blasiu8§,  in  1839,  established  the  law  tliat  (with 
the  exception  of  the  Alaudida?)  those  Passerine  birds  in  which  the 
form  of  the  lower  larynx  (named  "  syrinx  "  by  Professor  Hnzlej)  is 
what  is  known  as  "  oscine,"  possess  a  pair  of  long  scutes  as  a  covering 
to  the  back  of  the  tarso-metatarse.  They  may  therefore  be  called 
hilamuinte,  to  facilitate  description,  the  term  referring  to  the  tarsal 
scutcllation  only. 

Johannes  Mullcr||,  from  his  elaborate  investigations  on  the  strac- 
ture  of  the  syrinx  in  the  South- American  Passcres,  was  led  to  divide 
the  group  into  two  major  sections — those  in  which  the  intrinsic  mnscles 
of  the  voice-organ  arc  inserted  into  the  ends  of  th^  bronchial  semi- 
rings, and  those  in  which  they  are  inserted  into  their  middle  parts.  I 
would  suggest  the  name  Acromyodi  for  the  former  of  these  divisions, 
and  McaomiioiU  for  the  latter — an  acromyodian  bird  being  one  in  which 
the  muscles  of  the  syrinx  are  attached  to  the  extremities  of  the  bron- 
chial semi-rings,  a  mesomyodian  bird  being  one  in  which  the  muscles 
of  the  syrinx  join  the  semi-rings  in  their  middles.  It  seems  to  me 
advisable  to  restrict  these  terms  to  Passerine  birds. 

Miillcr  found  that  among  the  mesomyodian  Passcres  there  is  a  large 
collection  of  genera  in  which  an  easily  recognized  special  type  of 
syrinx  exists.  This  group  he  separated  off  as  "  TracheophonaB,"  so 
naming  tlicra  on  account  of  the  large  share  taken  by  the  peculiarly 
moditied  lower  end  of  the  trachea  in  the  formation  of  the  voice-organ. 


•  *'  Tableau  EU'mentaire,"  p.  199,  ft  sihj. 

t  "  Obscrvntiones  de  Avium  artcriA  enrol idc  eoinmuni." 

J    Vide  "  Metliodi  iiaturalis  Avium  dis}x>neiulrtrnm  Tentamen,"  1872,  p.  xl. 

§  "  Wiegmann's  '  Arebiv,'"  lS3i),  i,  p.  :W2. 

II  "  Ablinndl.  d.  Utrl.  Aknd.,"  lSir>,  p.  ?xa. 
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1.  PAgSffRES  AoBOMTODi  (Oecines). 

2.  PAssKRBa  MssoirroDi  Tbacheopeoni. 

3.  FlCAKlJB* 

a.    F^sseres   Mesomjodi   non- 
trftcheophoni. 


In  one  respect  lie  made  a  retrograde  step,  because  he  did  not  lay  suffi- 
cient stress  npon  the  valuo  of  Nitzsch*8  work ;  and  this  was  that  he 
nnited  the  mt'sonijoclion  PasseriDC  birds  which  iire  not  trticheophotio 
with  those  farailies  which  constituted  the  more  expanded  '*  Passercs  ** 
of  Cnvier  and  with  the  Scansores^  wavering  between  the  two  classifica- 
tions, which  may  be  expressed,  with  the  employment  of  the  term  iut re- 
duced above,  as  follows  r — 

1.  PASsisaES  AcROiTYODi  (Oscines). 
2*  FirARiJE. 

a,  Passerea  meaomyodi 

tracheopliom. 
h.  Fafiserea  metomjodi  non- 
tPftohwphoni. 
&c. 

From  the  ahove  remarks  it  is  evident  that  Miiller  was  led  to  lay 
too  great  stress  upon  the  nature  of  the  syrinx  as  a  distinctive  feature 
of  the  Pasaeres;  and  although  Xitzsch  was  unacquainted  with  the 
existence  of  the  mesomjodian  voice-organ^  there  can  be  scarcely  any  Page  503. 
doubt  that  had  he  lived  subsequently  to  Miiller  he  would  never  have 
separated  its  possessors  off  fi-oni  their  oscine  allies,  considering  that  ho 
had  fundamental  palatal  and  ptcrylogniphic  chametors  to  fall  back  upon. 

The  investigations  of  JfacgillivTay*  and  others  have  made  it  evi- 
dent that  colic  ciBca  (of  small  size)  are  present  in  all  trne  Passerine 
birds ;  and  this  fact,  when  correlated  with  the  universal  presence  of  a 
nude  coccygeal  oil-gland,  has  led  met  to  pluce  tliem  in  near  relation- 
ship with  those  other  Cuvierian  Passeres  (the  CucuHdie  excepted)  in 
which  the  oil-gland  is  nude  and  caeca  coli  are  always  present — ^away 
from  the  remainder  of  bis  group,  in  which  no  cfeca  are  developed  and 
the  oil-gland  is  tufted.  The  Paaseriformes  and  Pici formes  thus  defined, 
all  wanting  the  ambiena  muscle  across  the  knee,  are  included  in  my 
major  division  of  tlie  Anomalo^onatw. 

Taking  the  summation  of  the  characters  above  referred  to,  in  asso- 
ciation with  others  too  well  known  to  require  special  mention,  the 
Passebes  may  be  defined  as  those  Anomalogonatous  birds  with  the  2nd, 
3rd,  and  4th  toes  of  the  foot  directed  forwards,  and  the  hallux  bnck- 
wardsy  in  which  the  flexor  longus  haUucis  muscle  is  independent  of  the 
ftessoT  peffota7is  ditjlformn^  the  colic  Cfeca  are  short,  the  oil-gland  nude, 
at  the  same  time  that  it  is  of  a  characteristic  shape,  and  the  palate 
®gi  tbogn  a  thons  J , 

Among  the  Anomalogonataa  there  are  three  toes  directed  forwards 
in  the  Bucerotidaa,  Alcedinidro,  Coliidte,  Upupidro,  Coraciinie,  Momo- 


•  '*  Audul:>oii'a  Dm ithologiL-al  Biograpliv/*  18S8, 

t  *•  Procecdmga  of  the  Zoolagicttl  Sooielj,"  1874,  p.  U'J.     (Supra,  p.  217). 
X  ProfeaBor  Hutlcy,  *'  Oliuwificiition  of  Birds/'  **  Procet'dinga  of  the  Zoologioul 
S0i*i<?t>,"  1867,  p.  Ah^. 
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tinsp,  Caprimulgidse,  and  Meropide ;  the  flexor  longus  haUucxs  ii 
from  the  flexor  perfr.rnns  digiiorum  in  the  Upapide ;  colic  cffc 
present  in  the  Caprimulgidsp,  Coraciinie,  Momotins,  Galbnlids, 
^nidse,  Meropida?,  and  almost  certainly  so  in  the  Bacconid«e,*  in  i 
families  also  the  oil-gland  is  nnde ;  the  palate  is  a^thognatho 
Thih'?corus,  Turn  IX J  and  the  Cvpseline,  nearly  so  in  the  CaprimuJ 
and  Trochilina?. 

My  investicrations  into  the  myologr  of  birds  have  supplied  me 
another  character  of  creat  practical  valne,  which,  thongh  in  one  o 
cases  slightly  disprnised,  is  never  found  in  any  but  veritable  Past 
It  is  a  peculiarity  in  the  method  of  insertion  of  the  tendon  oi 
tenser  pat agii  hrevU  of  the  wing. 

In  the  triangular  patagium  of  the  wing  of  the  bird  the  tendoi 
two  muscles  are  to  be  found.  One  is  that  of  the  tetifor  patagii  la 
which  forms  the  supporting  cord  of  the  free  margin  of  the  meml 
itself.  The  second  is  that  of  the  tensor  patagii  hrevitf^  which  coi 
parallel  with  the  humerus,  not  distant  from  that  bone,  to  the  ma 
and  fascia?  of  the  forearm.  In  the  Ramphastinie,  Capitoninie, 
Piciii«>.  where  this  muscle  is  less  complicated  than  in  any  other  b 
it  arises,  as  is  generally  the  case,  from  the  apex  of  the  npper  of 
two  processes  at  the  scapular  extremity  of  the  fnrcula,  as  well  as 
small  special  slip  from  the  superficial  fibres  of  the  pectoralis  n 
rage  509.  muscle,  which  differentiates  itself  off  from  the  main  muscle  near 
upper  part  of  its  inserted  extremity.  The  comparatively  insignifi 
triantrular  or  compi^ind  fleshy  belly  thus  formed,  with  its  i 
diivoti'd  towarvls  tlio  I'lK^w,  torminatts  in  a  cylindrical  tendon,  wl 
iiii'luvled  betwoou  the  layers  »»f  the  til»ro-cutane<ms  patagium,  tak 
htraiLrht  course  to  its  insertion  into  the  nxially-runniiig  tenJo: 
i>rit:in  «»f  the  t.^  tr :  s-r  ii,it'i-'i,-j'i  }\i'lt''ih\<  lotujnii  ol  Schopss,  at  a  s 
tlistaiiee  fruin  tlu-  tuK-rele  un  tlie  Imnieriis  whence  the  niusclo  spri 

As  a  re>iilt  ^f  thi>  ilisp(»>itiiin,  when  the  fui*earm  is  lialf-tlexed, 
tendon  of  th«'  i'  ...<,.,-  j.. if. ijH  ^/■..^•/>  is  si-en  to  enter  the  substance  of 
iiltri«ns  tM-iLrin  of  the  »./•/>'■-/•  >.-t/.  /•iJ.  In-nts,  tiiid  at  right  an* 
This  nrrarL'enuiit  is  imiieatnl  in  Pl;»te  ''2\]  XIATII.  tig.  1,  an 
eliaraett'ristie  of  tlie  Piearia\  us  ilitineil  bv  myself  to  include  the  t 
suhfanulii's  alMve  n-ferivil  to  and  tlu m  only.t 

Anmnp:  the  ras>eTi>  a  ^liL'ht.  hut  lasily  rec«>gnizal)le,  difFeronc 
the  niannrr  «>f  insertion  of  the  nnisele  maintains.  The  siuiil 
sinirle  i-ylirnhMitl  tiiulon  runs  from  the  muscular  helly,  which  ha 
tM-iiriii  at  the  shouhUr,  as  ahnve  (leseriht-d,  to  tlie  upper  margin  of 

•  Tlu'  !i«-.'iinii-y  ot  ri-ff.  (larr.t.r-  •.urn.i-i-  i>  r'.taMi?luMi  h\  l^uriiu'i>ter'i 
MTvativ)Ti>  on  tlio  !ii.ati>iii>  v»f  M  il-ir-'j-tHi  tifz-'ih-it-j,  ti\u\  C.htli<tfj>ftr(i  hrasil.t 
*'Syf.t.  It'lvrs."  ii.  pp.  2t»2  iwA  J'.C>.      Kd." 

t  •'  rro.i«.'.liii4:<i  (.1"  the  ZooIi«i;i.':il  S^.'iir%."  lS7J,p.  123.       {Supra,  p.  222. 
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extensor  met.  rad.  kmgiw  nrmscle,  at  an  exactly  RitiiilLir  spot:  it  does 
not,  however,  eimplj  blend  with  tlie  fibrous  origia  of  that  iniiscler  it 
becomes  attached  to  it  at  the  spot  indicated,  and  then  (again  consider, 
ing  the  forearm  as  half  bent  upon  the  hameruB)  mns  back 
ifttJepejuIentli/  to  be  attached  to  the  base  of  the  tubercle  of  origin  of 
the  extensor  met  rad,  longfis,  slightly  below  that  muscle's  springing- 
poinfc.  As  a  consequence  of  this  arrangement  there  are  two  tendons 
to  be  seen  running  to  one  spot  (that  on  the  upper  margin  of  the 
e;x:iensor  met.  rad.  lonyftSy  where  the  teridou  of  the  tensor  meets  it)  from 
two  points,  one  the  apex  of  the  tubercle  on  the  humerus  above 
referred  to,  and  the  other,  the  depression  at  its  base.  These  tendons 
therefore  converge  as  they  leave  the  elbow,  having  at  first  au  appreci- 
able interval  between  thera^  which  is  i^ra dually  diminished  as  they 
approach,  although  they  remain  quite  free  from  one  another^  that  of 
the  tensor  being  superficial.  A  glance  at  Plate  [21JXLV11I.  fig.  2, 
will  serve  to  make  this  more  clear, 

I  have  had  the  opportunity  of  looking  at  this  muscle  in  neai'ly 
150  speciea  of  Passerine  birds*  belonging  to  nearly  aD  the  most  im- 
portant sections.  I  first  observed  it  in  Vi  tang  us  miijfhuratns^  and 
shortly  afterwards  recognized  the  same  arrangement  in  Hirutido 
urhica,  A  humming-bird  {Paiagona  ^iyas)  and  a  Swift  {tUjpselus 
apiu)  coming  to  hand  at  about  the  same  time  (the  former  through  the 
kindness  of  Professor  Newton)  impressed  me  with  the  distinction 
between  the  Macrouhires  and  the  Swallows,  as  far  as  these  elbow- 
muscles  are  concerned.  Thus  stimulated  by  the  signiB^cance  of  the 
character,  I  have  since  taken  every  opportunity  at  my  disposal  to 
test  its  importance^  the  result  being  very  favourable.  Among  the 
more  aberrant  genera  I  have  examined  are 


Struihldea^  Pltta^  Cotinga^ 

Htteralochaf  Rupicola^  FurnarittSf 

D  ic  rurus^  Lip  a  ug  us,  F  icu  lap  /es, 

Prosthemaderay  Tyrannus,  Thamnophihis^ 

Melaiioeori/plia.^  Cka.WLoryhifncfius,  Grallariaf 

Strepera^  Pipra^  Pteroptochu*^ 

Menura^  Tityra^  Hijlades, 

Atrichia^  Madrostamus^ 

The  only  apparent  exceptions  I  have  found  are  the  following. 
In  Pieroptochus  atbicollis  and  in  IIifla<^e9  megapodius  the  muscular 
fibres  of  the  eMensor  met,  rad.  Icnigu^  almost  surround  and  enclose 
the  tendons  in  qaestion.  Such  being  the  case,  the  arrangement  does 
not  at  first  sight  appear  typically  Passerine.  Nevertheless,  upon 
removing  or  pushing  to  one  side  these  covering  fibres,  the  two  tendons 
are  seen  arranged  exactly  as  in  other  members  of  the  Order, 


P»ge  610, 
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In  Mcnura  stiperha  and  in  AtricJiia  rufa>cetis,  feebl<v winged  birds 
again,  the  arrangement  is  not  typical,  and  the  disposition  of  the  pttrts 
ifi  almas t  exactly  as  in  tbe  Pici,  as  above  described.  In  other  words 
there  are  not  two  tendons,  one  onlj  boin^  found,  simple  and  broad* 
apparently  produced  by  the  hi  en  ding  of  the  two.  Plate  [24]  LI.  fig.  2 
reprcsents  the  el lx)w- region  of  ^[enura  aa  seen  from  its  ont^jr  side. 

All  other  Passerine  birds  which  I  have  examined  follow  tlie  single 
type,  differing  only  in  the  angular  divergence  of  tbe  tendons,  tbetr 
bumenii  attachments  being  much  separated  in  most  Stamtdd, 
Cymnorhinfe^  and  Tyrannidro  for  example,  but  closely  approximAled 
in  TropidorhijnchuSj  Ettjncola,  and  others. 

A  short  review  of  the  peculiarities  of  the  insertion  of  the  iemaar 
patagii  brevis  muscle  in  other  birds  will  tend  to  render  the  importanoe 
of  the  character  more  clear,  and  may  add  some  facts  of  interoBt  in  an 
ornithological  point  of  view;  for  it  is  not  in  the  least  difficult  for  any 
one  who  has  compared  these  Btructiires  in  the  varioas  orders  of  tbe 
class  to  decide  by  an  inspection  of  the  outer  surface  of  the  elbow  to 
■which  division  any  specimen  belongs;  and  for  the  satisfaction  of  tbose 
naturalists  who  consider  it  essential  that  characters  of  im}K>rtanci9 
should  be  verifiable  on  all  occasions,  it  may  be  mentioned  that  from 
almost  any  skin  it  is  possible  to  decide  the  point  by  soaking^  it,  or  the 
wing  alone,  in  cold  water,  and  carefully  removing  the  tegument  thas 
relaxed.  On  the  present  occasion  the  arrangement  in  tlje  Annnialo- 
goiiatoB  will  also  be  almost  solely  difiuussed,  although  among  the 
Homalogonat®  characters  of  nearly  equal  significance  ore  attainable, 
somewhat  diminifihed  in  clearness  in  some  eases  by  the  diffnaed  i 
of  the  tendonfi. 

In  the  Galbolidje,  as  represented  by  pa^fcw/a  alhiro^trU  and 
TJrogalha  paradisea  (spirit-specimens  of  both  of  which  genera  baw 
been  kindly  placed  at  my  disposfll  by  ilr*  Salvin),  the  tendon  of  tba 
short  ietimr  is  simple,  or  it  splits  sliglitly  before  it  meets  the  mel 
carpal  extensor  (where  the  distal  moiety  there  terminates),  Ita 
Figo  611,  oontinuation  sends  back  to  the  outer  side  of  the  lower  end  of  tl 
hnmerus  a  free  fascicuhis  exactly  like  that  above  described  in  tha 
Pasaeres,  except  that  from  about  the  middle  of  its  lower  margin  a 
thin  slip  runs  downwards  and  wrist  wards  to  the  fascia  of  the  nioar 
side  of  the  outer  surface  of  the  forearm.  This  is  represontcHi  in 
Plate  [23]  L.  fig.  1. 

In  the  MeropidcB,  as  represented  by  MeropM  apiaster  and  Jtfl  cmatuMf 
the  only  diflerence  from  the  Oalbolidre  is  that  the  distal  1 
niore  clearly  diflerentiated,  and  the  slip  to  the  ulnar  side  of  i 
arm  is  nearer  the  angular  bend.  This  arrangement  is  represent4Hl 
in  Plate  [*21  ]  XLVIIL  tig,  3.  In  Tiyltisviridii  the  tendons  ai"e  similarl/ 
disposed. 
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In  the  Coraciidos,  as  represented  bj  Caracias  garrula  and  a  species 
of  Eunjfttomus  which  was  not  in  Bnfficientlj  good  condition  to  be  more 
defiaitelj  determined,  Plate  [22]  XL1X»  fig.  1  represents  the  distnbu- 
tion  of  the  tendons,  there  being  two  parallel  to  one  another,  the 
anterior  one  of  which  rnns  to  the  superGcia!  nlnar  fascia  before 
terminating,  and  sends  wristwards  a  shp,  like  that  in  the  Meropidte, 
to  the  long  extensor.  There  is  a  pasgeriform  free  tendon  running 
back  to  the  lower  end  of  the  hnmerus  from  the  onter  tendon. 

In  tlie  Momotidifi  the  condition  is  the  same,  except  that  the  outer 
tendon  does  not  split,  and  therefore  sends  forward  no  wriatward  slip. 
This  condition  I  have  found  in  Momotus  lessoniy  m  M,  (jcquahrialts, 
and  in  Eumonwta  s^uperciliaris.  The  extension  on  to  the  nlnar  super- 
fieial  fascia  springs  from  the  portion  of  the  horizontal  tendon  inter- 
mediate between  the  points  of  jnnction  of  the  two  parallel  long 
tendons,  and  is  not  a  direct  continuation  of  either*  It  is  frequently 
very  thin^ 

In  the  Trogomdea,  as  exemplified  by  Trogon  weximnaj  T.  puella^ 
and  Fharomacriis  mocinno,  the  condition  is  very  complicated.  It  is  seen 
in  Plate  [24]  LI.  fig.  3,  A  superficial  long  mascular  mass  runs  nearly 
to  the  long  ej'iemor  of  the  forearm.  It  has  a  short  broad  tendinous 
insertion  into  the  fascia  of  the  onter  surface  of  the  forearm ;  and  tins 
is  specially  developed  in  a  line  running  back  to  the  humerus  in  a 
passeriform  manner.  Deep  of  this  are  two  parallel  tendons ;  the  one 
nearer  the  humeims  terminates  exactly  like  the  single  one  of  the 
Fasseres ;  that  further  off  ends  as  in  the  Pici  abovo  described. 

In  the  Capri  mnlgidae,  as  found  in  Caprinmlgits  mtropmus  and 
Chordelleif  texetisU^  the  arrangement  is  almost  exactly  the  same  as  in 
the  Meropida^*     The  second  outer  tendon,  however,  is  shorter. 

In  the  MacroL'hires,  including  the  TrochiUtl©  and  the  Cypselidte,  as 
f<>und  in  naany  genera  and  species  the  arrang^ement  is  uniform.  The 
tieshy  belly  runs  on  to  a  special  tendon  which  springs  from  the  lower 
end  of  the  outer  surface  of  the  humerus  (where  the  horizontal  slip  in 
the  Passeres  terminates),  and  is  continued,*  parallel  to  the  forearm, 
along  the  radial  margin  to  the  hand.  Plate  [24]  LL  fig.  I  exhibits  this 
condition.  It  can  be  here  seen  that  the  tendon  of  tlie  te^or  patatjii 
hrevis  is  not  developed,  being  replaced  by  the  fieshy  continuation  of 
the  muscle. 

In  Upupa  epops  the  nrrangcment  is  fairly  simple.  The  main 
tendon  runs  past  the  free  lateral  margin  of  the  long  extensor  to  the 
ulnar  superficial  fascia,  where  it  becomes  lost*  It  sends  forwards  a  Page  512. 
fasciculus  from  about  its  middle,  to  qxxA  like  the  similar  band  in  the 
Meropidaj.  It  is  figured  in  Plate  [23J  L.  ^^.  2.  Its  difference  from 
the  Passerine  arrangement  is  well-marked. 

In  the  Bueerotidee,  as  found  in  sevend  species  ot  Buceros^  Toccus^ 
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and  Bucorvus,  the  only  difference  from  TJpupa  is  that  the  extra  outer 
fasciculus  is  very  much  shorter,  as  seen  in  Plate  [22^  XLIX.  ftg,  2. 
The. lengthy  tendon  from  tlie  major  pectoral,  which  is  particularij 
Iar«:e,  is  represented. 

In  the  Alcedinidas  the  differences  are  so  considerable  in  the  sevenl 
genera  that  I  reserve  the  description  of  the  mnscle  in  this  order  for 
a  future  occasion. 

As  the  CiicuIidtB  and  Mnsophagidee  are  frequently  inclnded  to- 
gether with  the  families  above  referred  to,  the  arrangement  of  the 
short  tensor  in  these  birds  is  represented  in  Plate  [23]  L.  fig.  3  and  in 
Plate  [22]  XLIX.  fig.  3.  In  all  the  Cnculids  the  undivided  tendon  mm 
on  to  the  ulnar  superficial  fascia  without  any  complication.  In 
the  Musophagidce  the  whole  tendon  is  comparatively  feeble,  and,  if 
it  were  more  definite  at  its  margins,  would  be  exactly  like  that  in 
Upwpa. 

Next,  with  reference  to  the  division  of  the  order  Passeres  into 
minor  sections. 

Four  or  five  pairs  of  muscles  running  to  the  ends  of  the  topmost 
three  bronchial  semirings  constitute  the  Oscine  syrinx,  the  distinctive 
features  of  which  are  therefore  its  acromyodian  and  complex  nature. 
MM.  Keyserling  and  Blasius  were  the  first  to  associate  with  this  the 
bi laminate  planta — an  exception  to  which  occurs  in  the  case  of  the 
Alaudidse,  as  we  all  know,  these  birds  possessing  a  divided  planta 
together  witli  an  Oscino  syrinx.  !Mr.  Sclater  has  kindly  referred  me 
to  a  paper  by  ^[r.  Strickland*  on  Jlffrmcriri/n'tt  U'Pcia  (there  calKti 
IL  lb ',-}(r,ni<  if  mil  nil!  fi! ),  in  \y\uc]i  it  is  shown  that  in  that  Forniirarian 
bird  tlic  cliaiactcr  of  llu*  ]>l;inta  is  inilistinj^uishable  from  tliat  of  the 
bilaniinait*  Oscincs.  AVitli  reiVn-noc  to  this  and  closely  nllitul  s»c*nora 
it  must  be  nolcd  that  the  scutellation  of  the  front  of  the  tarsus  is 
also  obliterated,  so  that  tlie  sinij)lieity  of  the  planta  is  only  a  partici- 
pation of  the  condition  which  maintains  in  the  tarsus  genei-ally. 
Therefore,  with  this  exception  (which  from  its  associations  can  lianilv 
be  looked  upon  as  such),  it  may  be  said  as  yet  that  uo  bird  w/n'ch  i^  nvt 
arruiinjoilnDi  Ihih  n  hihiinimih^  jthmtii. 

Nevertlieless  tlie  law  enunciated  ])y  Cabanis,  to  the  effect  that 
when  in  a  Passerine  bird  possessiiitr  ten  primary  reniinrof?  the  first 
is  very  lon<^,  tlien  that  ]>ird  is  n«)t  Oscine  (or  Acromvtxliaii),  but 
**  Clamatorial  "  (or' ^Iesomy«Klian),  led  that  a])le  ornitholoj^ist  to  place 
Pitta  in  the  latter  grouj),  althouLrh  it  possesses  a  bilaminatc  i>lanta; 
since  which   time   Johannes  Miiller   is  not   the  (►nly  biolo^st  who  has 


•  ''  AnimlB  and  Mag.  ^at.  Hist.,"  18 U,  vol.  xiii.  p.  415. 


wished   to  know  tlie  nature   of  the   syrinx  of  that  bird,  of   wliich 
Sandevall*^,  in  1872»  remarks,  **  musculi  larjngis  infcrioria  ignoti.*' 

Through  tho  kiiid  permission  of  Dr  Giinther  I  have  had  the  Pago  513. 
opportanity  of  dissecting  two  speoifnens  of  each  of  two  epeciea  of 
t!ie  genus  Pitta,  namely  P.  cifanura  and  P.  aniJohnRUi^  from  the 
National  Collection  j  and  Mr.  Sharpo  had  previou&ly  very  liberally 
given  me  a  spetnmen  of  the  Javan  species,  the  dissection  of  which 
had  led  me  in  my  paper  "On  the  Carotid  Arteries  of  Birds ''  to 
remove  it  from  the  Oscines^f  as  C  a  ban  is  had  done  from  its  wing- 
characters.  Two  specimens  of  FUta  angolensis  from  Fantee,  and 
three  of  P,  ctjatmra  from  Java,  have  therefore  formed  the  material 
for  the  present  description. 

In  Pitta  mujith^fms  the  nnmorlified  trachea  terminates  thoracically 
in  a  ring,  split  hehintl,  and  deep  in  front ;  which,  from  the  fact  that  it 
presents  irregularly  placed  fenostriB  on  its  anterior  surface,  arranged 
in  a  somewhat  transversely  linear  manner,  aj^pears  to  have  been 
formed  by  the  fusion  of  two  rings.  This  terminal  segment  of  the 
trachea  does  not,  as  in  the  Oscines  and  several  other  Passe  res,  form  a 
three-way  piece,  because  there  is  no  an tero- posterior  bar  traversing 
its  inferior  margin  in  tlie  middle  line.  Of  tbis,  however,  there  is  an 
indication  in  the  form  of  a  median  hfick ward- directed  process,  w-hich 
advances  a  short  distance  into  the  inferior  membraniform  completion 
of  the  tube,  fi*om  its  anterior  border.  The  tracheal  ring  last  bat  one 
is  complete,  and  has  a  Blight  median  indentation  in  its  inferior  margin 
behind.     These  points  are  seen  in  Plate  [26']  hllL  figs.  1,  2,  and  3. 

The  first  and  second  broachial  riug-segments  are  semirings — not 
modified  into  the  somewhat  separate,  ronnd-margined,  slightly  oblique 
semicircles  of  tibro- cartilage  or  bone  which,  as  usual,  are  found  nearer 
tlm  lungs,  but  are  like  moieties  of  trae  tracheal  rings^  approximate, 
sharp-edged,  and  at  right  angles  to  the  axis  of  the  tube.  They 
present  no  peculiar  processes,  and  are  slightly  swollen  at  their 
anterior  extremities. 

There  is  only  a  single  pair  of  bronchial  muscles,  continued  down 
from  the  sides  of  the  windpipe ;  insignificant  in  sisce ;  quite  latend, 
and  terminating  by  being  inserted  into  the  middle  of  the  outer  surface 
of  the  second  bronchial  semiring. 

Ptfta  cyanura  differs  from  P.  angohnsU  only  in  detail »  not  in  plan 
of  conformation.  There  are  four  instead  of  two  syringeal  bronchial 
semirings,  to  the  middle  of  the  last  of  which  the  single  extremely 
feeble  lateral  muscle  is  attached  on  each  side.  In  it  also  the  last  two 
tracheal  rings,  and  not  the  last  only,  are  incomplete  behind,  the  last 


•   '*  Method,  nat.  Av.  dj&p.  lentamen/^  X872,  p.  6. 

+  *•  Proceedings  of  the  Zoological  Society/'  1373,  p.  463.     {Supra,  p.  167.)  i 


362  ON  THE  ANATOMY  OF  PASSERINE  BIRDS. 

presenting  a  greater  gap  than  the  one  above  it.    This  syrinx  is  6 
in  Plate  [2Gj  LIIL  figs.  4,  5,  and  6. 

Filia  is  therefore  iiiesomjodian,  in  which  respect  it  difiers  from  all 
the  known  Old- World  Passsres — although  Phthpltta,  w^ith  its  lengthj 
first  primary,  is  most  probably  the  same  in  this  respect.* 

With  reference  to  otht^r  points  in  the  anatomy  of  the  geooSt  il 
may  be  mentioned  tbat  in  both  Fitta  angolensis  and  J*,  ct/anura  then 
is  but  QUO  carotid  artery,  the  left.  The  oil-gland  is  nude.  The  ooliG 
Page  514.  ciBca  are  between  one  eighth  and  one  tenth  of  an  inch  in  length  ;  and 
the  mascles  of  the  thigh  are  similarly  arranged  to  those  of  mo&i 
PassereSt  the  myological  formnlaf  being  A^XY,  the  afnhi^ns  masofe 
being  absent,  at  the  same  time  that  the  flexor  lotKjuB  haUucU  is  quite 
independent  of  the  jhxor  digltorum  perfofatig.  The  palate  is  beauti* 
fillip'  Ggurud  by  Mr.  Parker  in  Ms  memoir  on  -iEgithognathoua  birds  ;J 
and  I  tiike  this  opportunity  of  giring  a  view  of  the  back  of  the  &kail 
and  of  the  sternum,  which  present  features  of  interest.  It  will  be 
noticed  that  the  temporal  fossae  extend  across  the  occipita.1  region  ol 
the  skull,  and  nearly  meet  in  the  middle  line  behind  ;  this  condittofi. 
though  frequently  found  in  other  families,  is  not  one  possessed  by 
any  Passerine  birds  except  Piita^  as  far  as  I  am  aware.  Plate  [26] 
LIIL  fig,  8  bIiows  the  sternum  of  P,  cijanura;  in  it  the  sternal 
notches  are  particularly  deep, 

Menura  saperha  is  another  bird  in  which  our  knowledge  of  th# 
structure  of  the  syrinx  is  very  deficient.  Mr.  Eyton  has  described 
it;§  bnt  his  account  will  bear  supplementing.  He  t^lls  us  that  "i» 
addition  to  the  usual  sterno- tracheal  muscles  this  canons  bird  has  two 
other  pair,  both  of  which  have  their  origin  on  the  rings  of  the  trachea 
on  each  side,  at  the  point  where  it  enters  the  caTity  of  tUo  thofms. 
The  anterior  pair  is  inserted  on  the  knobs  at  the  extremities  of  Um 
fourth  bones  of  the  bronchiie ;  tbo  posterior  pair  are  also  inserted 
the  bronchioa,  but  on  the  three  uppermost  rings  and  on  the  posi 
extremity  of  the  fifth/* 

Several  opportunities  have  occurred  to  roe  (partly  throogh  ibe 
kindness  of  Professor  Flower  in  allowing  me  to  dissect  a  Bpecinten 
beautifully  pi-eserved  in  the  Royal  College  of  Surgeona,  partlr 
through  the  assistance  of  Mr.  Edward  Gernu'd,  and  partly  from  ibj 
piH>fiectorial  advantages)  of  dissecting  the  syrinx  of  Menura  superha^t 
take  the  present  opportnnity  of  d escribing  it  in  detail  and  figtmitg  ik 

•  [Since  tho  nbove  wii»  written,  I  ImTe  been  able  to  fully  Twifj  the  r^rrrcfiiM 
©f  Frof.  Gurrod's  tuppoeition.  Vide  '*ProccodingB  of  the  Zoolo^nciU  Society/'  IWV 
p,  81*0.— Kp.] 

f   Ttrf*  '*  Proceedings  of  the  Zoological  Society/*  1874,  p.  111.     {SmprA,  n,  209.)* 

X  **  TrvrnwHom  of  the  Zoological  Society,"  toI.  IX.  PI  LVl,  fig.  6. 

S  *♦  Ann,  ftnd  Mag,  >'rtt.  lliit  /'  1811   vol  rii,  p,  49. 
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In  Meniira  supcrha  the  last  BixteeD  rings  of  the  tracliea  are 
peculiarly  narrow  frf>ra  above  downwards.  These  are  cariiiate  in 
front ;  in  other  words,  instead  of  being  flattened  from  without  inwards 
(as  is  usually  the  ease,  and  is  so  in  the  rings  above  the  sixteenth  in 
thifi  bird),  they  are  compreased  from  above  downwards,  bj  which 
means  a  sharp-edged  ridge  is  developed,  which  projects  outwards  a 
abort  way  beyond  the  level  of  the  interannular  membrane.  Tbe 
lowest  of  these  rings,  the  last  tracheal,  whilst  participating  in  this 
peculiarity,  iii  modified  to  form  the  three-way  piece,  whence  staii  the 
bronchi,  an  antero-postenor  bar  joining  the  downward-directed  angles 
which  are  developed  on  tbe  middle  of  the  front  and  back  of  the  ring, 
and  supporting  the  syringeal  semilunar  membrane. 

As  m  tbe  typical  Oscines^  the  first  three  bronchial  semirings  par- 
ticipate in  the  formation  of  the  syrinx,  and  are  modified  accordingly, 
being  stronger,  deeper,  more  flattened,  and  more  approximate  than 
those  which  follow.  The  first  of  these  is  SLmpie ;  the  second  is 
peculiar  in  being  hollow  and  th in- walled^  broader  in  front  than  behind, 
and  broadest  a  short  distance  (about  equal  to  its  depth  at  the  spot)  Puge  515. 
posterior  to  its  auterior  extremity;  the  third  is  narrower,  and  termi- 
nates behind  by  a  short  descending  hook. 

Tbe  syringeal  muscles  ai^  three  in  number  on  each  side  at  their 
insertion,  although  at  their  origin  only  two  can  be  distinguished. 
These  are  an  anterior  and  posterior  longitudinal,  which,  from  a  lateral 
point  situated  opposite  the  tracheal  ring  19  above  the  last  one,  diverge 
forwards  and  backwards  to  the  tips  of  the  bronchial  semirings.  In 
Plate  [2»j]  LII.  figs.  1,  2,  and  3  the  front,  back,  and  side  views  of 
the  syrinx  of  Mefmra  are  figured. 

The  anterior  longitudinal  muscle,  whose  diameter  is  about  fonr 
times  that  of  the  depressor  irachem^  la  of  uniform  size  throughout, 
being  constituted  of  paitilkd  fibres.  It  is  inserted  into  the  lower 
margin  of  the  expainsion  at  the  anterior  extremity  of  the  second 
bronebial  semiring,  %t  a  short  distance  behind  its  apex. 

The  posterior  longiludifnil  muscle,  from  being  single  above,  divides 
into  two  helow. 

Before  proceeding  further  it  will  be  necessary  to  explain  the  way 
in  which  these  muscles  arise.  There  is  a  large  air-cell,  the  anterior 
thorucic,*  in  which  the  syrtux  and  base  of  the  heart  are  situated.  The 
visceral  walls  of  this  cell  are  so  thin  that  the  trachea  may,  to  all 
intents  and  purposes,  be  said  to  perforate  it.  Where  it  does  so,  the 
merabrane  blends  with  it>s  fascial  sheath  most  intimately ;  and  it  is 
from  the  thus  formed  ring  of  junction  that  the  long  fibres  of  the 
syringeal  ranscles  spring.     This  ring  is  not  a  simple  horizontal  circle 


•  Fide  Oweo*i  *'  An&tomy  of  VortebmUsa,**  vol  ii.|  p,  211. 
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of  fibrous  tissae  surt'onnding  the  traclxea.     In  its  anterior  half  it  i 
bat  bebitid  it  descends  for  some  distance  on  each  side  to   a 
flpot  situated  below  its  general  level,  at  a  distance  beneath  it  eqaal  to 
the  diameter  of  the  tnbe  itself,  to  blend  at  the  an^le  thus  formed  witl^ 
a  Btrong  tibro-cartilaginous  ribbon,  which  expands  below  the  lev^el  afl 
the  bronchial   bifurcation,  to  terminate  as  a  meoibr&Qoas  covering  to 
the  front  of  the  oesophagus. 

From  the  postei'o-lateral  portion  of  the  horizontal  moiety  of  th« 
ring'  just  described,  and  from  its  descending  limb,  the  posterior 
longitudinal  muscle  of  the  sjrini  arises,  on  each  side,  powerful, 
in  a  single  mass,  of  which  the  langer  postero-external  Ebr60|  ft 
descends,  diffei'entiate  themselves  off  to  form  an  indepeni 
fasciculus,  whicli  is  inserted  into  the  posterior  hooked  extremity 
the  third  bronchial  semiring.  The  other  much  larger  inlei 
portion,  composed  moatlj  of  much  shorter  and  oblique  fibres,  is 
ficrted  into  the  posterior  triangular  surface  of  tho  tracht*al 
way  piece  (last  tracheal  ring),  and  into  the  posterior  ertremi^  ol 
the  first  bronchial  semirings  a  few  of  its  tendinaus  iibrea  of  teraiiiia<^ 
tion  appaiTntlj  running  on  to  the  back  of  the  membraoe  betwesn 
the  first  and  second  semiring,  and  perhaps  slightly  to  the  back  ol 
the  second  semiring  itself,  althongh  this  last  seems  to  be  inde: 
in  this  respect, 

Tlie  comparatively  slender  mttsndiis  stemo-tracheatU  springs 
the  lateral  surfaces  of  the  four  or  tivo  tracheal  rings  aboYe  the  \mA 
two,  emerging  between  the  anterior  and  posterior  intriu^io  iiiuacles» 
I  616.        Mcnura  mtperba^  from  the  above  description,  is  therefore  aeromfiK 
dian^  althoagh  not  typically  Oscine. 

Atrichia  rti/escen^  presents  precisely  the  same  arran^ment  ifi 
Menura,  There  are  three  modified  bronchial  semirings,  the  thini 
descending  posteriorly,  and  the  second  expanded  a  short  d<gtii!W^> 
before  it  reaches  its  anterior  termination,  the  anterior  loDgitadiml 
muscle  being  there  inserted*  The  posterior  muscle,  however,  dc^ 
not  clearly  separate  into  two  before  it  reaches  its  points  of  tiisortioii, 
which  are  identical  with  those  in  Mennrn.  The  lower  tracheal  nags 
are  different,  in  that  they  are  not  flattened  from  above  downwatds; 
they  retain  tho  characters  of  those  above  them  to  a  great  exlentw  Tbi 
last  forms  the  characteristic  three-way  piece.  In  PJate  [^^J  I*IL  Qflk 
4,  5,  and  G  these  points  are  clearly  seen. 

Atrichia  is  therefore  also  Acromyodian,  althongh  far  from  Mftf 
normally  Oscine,  It  would  require  but  little  modification  in  eitb<r 
it  or  Mtmira  to  convert  their  syringeal  muscular  uia&sea  into  man 
numeruns  independent  muscles*  In  the  Crow,  Starling,  and  iiiost 
of  the  other  Oscines  I  have  examined,  the  third  semiring*  ia  the  cnt 
to  which  the  long  anterior  muscle  runs,  tho  long  posterior  nut  going 
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"beyond  the  second.  This  condition  is  just  i-eversed  in  tlie  two  birds 
under  consideration.  In  the  Finches  the  arrangement  described  by 
Cnv^ier  maintains,  both  anterior  and  postorior  lung  muscles  running 
to  the  third  bronchial  Beminng', 

In  Plate  [25]  LI  I,  fig,  7  the  stornnm  of  Atrichia  is  figured  with  the 
rndimentary  clavicles  (/)»  which  are  nothing  more  than  grannies  of 
bone.  No  other  Pas^rine  bird  wants  the  farcnla,  so  far  as  is  yet 
known.     The  manubrium  stemi  is  not  largely  expanded. 

There  is  another  feature  in  Passerine  anatomy  which  has  interested 
me  considerably  during  my  investigations.  It  is  the  rule  among 
birds,  almost  without  exception,  that  the  main  artery  of  the  leg  is  that 
which  must  be  supposed  to  be  represented  in  Man  by  the  comes  7iervi 
ischiaticif  it  accompanying  the  sciatic  nerve — the  sciatic  artery. 
The  main  nerve  of  the  leg  is  the  sciatic ;  the  main  vein  the  femoral. 
The  only  known  exceptions  to  this  rule  are  the  cases  of  the  genus 
Dacelo  among  the  Alcedinida?,  and  Centropus  among  the  Cuculidie. 
In  the  former  the  femoral  vein  is  replaced  by  the  one  which  is  inter- 
mediate in  situation  between  its  usual  courae  and  the  sciatic  artery;  in 
the  latter  the  sciatic  artery  is  absent,*  and  is  replaced  by  the  femoral. t 

In  a  certain  few  Passerine  birds  the  main  artery  of  the  leg  is  the 
femoral,  and  not  the  sciatic.  These  genera  are  all  members  of  the 
Oligomyodi  of  Miiller ;  and  the  accompanying  list  contains  the  names 
of  all  the  Oligomyodian  species  (taken  from  Messrs.  Sclater  and 
Salvin's  **  Nonvenclator  Avium  Neotmpicalium  "  J)  which  I  liave  had 
the  opportunity  of  exajuining,  with  the  results  arrived  at,  as  far  aa 
this  pecoliarity  is  concerned. 

Pftsaerefl  Oligomjodi. 


With  a  femoral  artery, 
Ch iroxiphia  UueariSf 
Chiroma^hceris  vitelUna^ 
Heteropelma  vercppacis^ 
Titifra  per  sonata^ 
Hudrostomus  aglaice^ 
Lipau^ua  sp., 
Cotinga  cinctaf 
Ck-Oimorht/n chits  n udicollis. 


With  a  sriatio  artery. 
MionecteB  oleaglmms^ 
Ttjrannisctts  vilissimus, 
P itan gns  stdp hurat tcs^ 
Mij iofly na sfes  I uteiventris^ 
Mm} f idon ax  n lin  lmu$^ 
My uirchus  erin it tts^ 
Tijranmis  melunchoUcus^ 
Eupicola  croceaf 
Fttta  angolensiSf 


Page  617. 


Pitta  q^anura. 
I  must  mention  also  that  in  a  specimen  of  the  minute  Mitrephorus 


•  [Tliia  is  BO  only  in  Cfntropa*  pkiuianu*,  and  doee  not  occur  In  two  other  «pecie» 
of  that  gcuus  dissected  bj  Prof.  Gharrod. — Ed.] 

t  "  Proceedings  of  the  Zoologieai  Society/*  1B73,  p.  629.     (Suprd,  p.  191.) 
I  London,  1B73. 
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phvocerctis,  it  appeared  to  me  tliai  tlic  artery  of  the  leg  was  the  feciinnl; 
but  I  should  like  to  see  more  specimens  before  I  can  feel  justiBod  m 
disturbing  any  jTeneralistationfl  by  using  this  single  example. 

AH  acromjodian  Passeres  of  Bpecies  which  I  have  oiamined»  offr 
one  hundred  in  number,  possess  the  sciatic  artery,  including  Meuura  and 
Atrichia ;  and  the  TracheophonaB  quite  agree  with  tlieiu  in  this  Feepect 
Such  being  the  case,  it  seems  to  me  that  from  among-  the  mesomjodiui 
Passeres  a  small  section  may  be  divided  off,  including  the 
Pipridm  and  Cotingidfe»  in  which  a  characterijGiog  feature  i« 
development  of  a  femoral  in  place  of  a  sciatic  artery ;  and  this 
the  case,  Rupicola  must  be  removed  from  the  Cotingidee. 

Although,  as  yet,  our  knowledge  of  the  anatomical  characters  wliicli 
are  the  bases  of  the  minor  divisions  of  the  Passerine  group  is  stiU  m 
little  advanced,  Dcvertheless  a  rough  sketch  of  the  classification  of  tlw 
order  J  in  which  no  attempt  to  fill-in  details  can  be  made,  is  quite 
within  our  power. 

To  commence  with  Mnller's  character  depending  on  the  sttnalioii 
of  the  insertions  of  the  syringoal  muscles.  Passerine  birda  fall  primarflf 
into  two  main  sections,  the  Acromyodi^  in  which  the  intrinsic  musdei 
of  the  voice. organ  are  fixed  to  the  end  of  the  bronchial  semirings, 
and  the  MEgomroPi,  in  which  they  join  them  at  or  near  their  middle 
The  former  group  includes  all  the  true  Oscines,  together  with  Menum 
and  Ahichia ;  the  latter  the  Tracheopbonie,  together  with  those  ¥Mmm 
included  by  Miiller  with  the  Picariaa,  as  well  as  PUta, 

The  Mesomyodi  fall  into  two  groups,  according  to  the  sitnalion  of 
the  main  artery  of  the  leg.  Those  in  which  the  sciatic  is  the  artesj  of 
the  thigh  may^  because  they  therein  agree  with  other  birds,  be  termed 
HomcBonieri ;  those  in  which  the  femoral  artery  ia  developed,  £nxa 
being  in  this  respect  abnormal,  may  be  termed  Heteromeri^ 

Of  the  Homa?omeri  the  Tracheophouse  of  Miiller  form  a  specU 
well-marked  section, — ^the  rest,  including  the  Tyrannidap,  ^ii|Ha4i, 
and  PiUa,  forming  a  division  which  may  be  termed  IXaploophoiM 
until  there  is  reason  fer  further  splitting  them  up. 

The  following  tabular  arrangement  expresses  these  viewB  r — 
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In  conclusion  I  have  specially  to  thank  Mr.  0.  Salvin  for  the 
extremely  kind  way  in  which  he  has  placed  at  my  disposal  a  large  col- 
lection of  mesomyodian  birds  in  spirit.  From  this  I  have  been  able 
to  make  ont  the  peculiarity  in  the  distribution  of  the  vessels  in  the  leg; 
and  from  it  also  I  hope  to  obtain  materials  for  another  paper  shortly, 
in  which  the  syrinx  of  some  of  the  yet  little-known  forms  will  be 
described. 


EXPLANATION  OF  THE  PLATES. 

•Plate  21.     (XLVIII.) 

Fig.  1.  View,  from  the  outer  side,  of  the  muscles  of  the  patagium  of  the  left  wing 
of  "Ramphastos  cuvieriy  the  radius  and  ulna  being  bent  at  right  angles  to 
the  humerus ;  t.p.ly  tensor  patagii  longus ;  t.p.b,  t«nsor  patagii  brevis ; 
e.m.r.l^  extensor  metacarpi  radialis  longus  j  ty  triceps ;  6,  biceps ;  S.Ry 
secondary  remiges. 

2.  Same  of  Icterus  vulgaris. 

3.  Same  of  Merops  apioitfir. 

Plate  22.     (XLIX.) 

Fig.  1.  Same  of  Coracias  garrula. 
2.  Same  of  Buceros  rhinoceros, 
8.  Samp  of  Musophaga  molacea. 

Plate  23.     (L.) 

Fig.  1.  Same  of  Urogalba  paradisea, 

2.  Same  of  Upupa  epops. 

3.  Same  of  Cuculus  canorns. 

Plate  24.     (LI.) 

Fig.  1.  Same  of  Patagona  gigas, 

2.  Same  of  Menura  superha. 

3.  Same  of  Trogon  puella. 

Plate  25.    (LII.) 

Fig.  1.  Syrinx  of  Menura  superha,  front  Tiow. 

2.  Same,  back  view,  with  median  fibrous  attachment  retained. 

3.  Same,  riew  of  right  side. 

4.  Syrinx  of  Atrichia  rufescenSy  front  yiew. 

5.  Same,  back  view. 

6.  Same,  view  of  right  side.  Page  619. 

7.  Sternum  of  Atrichia  rufescem  ;  /,  rudiment  of  furcula. 

Plate  26.     (Llll.) 

Fig.  1.  Syrinx  of  Pitta  angolensis, 

2.  Same,  back  view. 

3.  Same,  side  riew  (left). 

4.  Syrinx  of  Pitta  cyanura. 
6.  Same,  back  ricw. 

6.  Same,  tide  riow  (left). 
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Fig,  7.  Btw?k  ?ii3W  of  skull  of  Fiitu  cyanuta, 
8.  S(f?niufn  of  aamc, 
K.B.  Altliougli  the  artist  bn*  donp  bJ!  b  hb  pow«?f  to  mukp  cl««r  111*] 
tire  ijf  I  lio  insertioa  of  the  ffntor  ptfift^H  hfppU  in  the  futiiilije*  of  birdjv  licavi 
it  h  impoHArii  to  mention  \\iA%  Id  ivetual  epeciTn^ij:9  the  diffeiretiQea  Atv  amcb  ttMi 
esdl;  Tecognixabla  timti  might  b«  inforr^  ivQta  tke  figures. 


58.  NOTES  ON  THE  ANATOMY  OF  PASSERINE  BI 

Part  n." 


P^0  147.  In  t£lj  former  coininaaicatioTi  on  tHe  anatomy  of  tbe  Pnasififf 
adopled  a  definition  of  the  group  in  which  was  incltid&d  the 
character  made  known  bj  G.  J.  SaQdeTall  in  1831^  and  ei 
the  1B72  edition  of  his  valaable  ^'Meiliodi  naturaliB  Aviuta  dbpQiKii- 
daram  Tentamen'*  in  the  following  words  i — *""  Hall  a  ^  ,  ,  ,  ,  , 
per  so  mobilLS.  Mnsculus  enim  fi^or  hallutis  Imi-gns  articnlam  ejai 
nltimum  flectena,  a  flexore  digitornm  comrauni  perfeata  solniitft,  (la 
ayibtis  reliqaisj  oMnibiis,  tendo  bujas  mnscali  ctiDi  tendtnibos  ftlteioi 
conjungitiir.  Hallnx  igitnr  simul  cnm  rchqnis  dig^itis  sempor  ie^ 
titnp.)'*  Upupa  epop^i  agreeing-  with  the  Passerea  in  this  resfitv^  h 
hj  the  atithor  incladed  with  them.  As  meutioned  in  tny  psiper  on  t&i 
deep  plantar  tendons  of  l>irds|^  I  have  so  f  reqnentljr  beeii  able  to  rmij 
this  statement  of  the  Swedish  natnralist,  that  I  felt  jnstifiod  m 
makmg  the  fact  part  of  my  definition  of  the  gronp.  Recently,  how- 
ever, from  skins  which  have  been  placed  at  my  dispogal  by  Mr,  Salt 
I  have  found  reason  for  overthrowing  the  characters  because  m 
Enrylaeoiidee  there  is  a  strong  vinculnm  which  joins  tbe  two  idu 
exactly  in  the  same  manner  as  in  many  of  the  non-pa^scrine  fmnnim^ 
EiiryliJimus  ochromelaf^  CymblrhyTichwi  niacritrk^nch'us^  and  Calf^ 
tomena  viridk  are  the  species  which  X  have  examined  (more  tliAu 
specimen  of  each) ;  and  in  all  of  them  there  in  a  narTOw  but 
yincalnm,  situated  jast  above  the  metatar^o- phalangeal  artienlat 
and  mtining  from  the  tendon  of  the  jlexor  halluci«  Imt^ug  dowtura 
to  the  tendon  of  the  Jlex&r  dtgitorum.  pTofundtis.  No  other  Pn 
bird  which  I  have  dissected  possesses  this  vinculum,  not  even  IIhpM^ 
crmea^  which  has  been  thought  by  some  to  be  intimately  related  to  thf 


,  how- 

SalfiaJ 


1877, 


■  '*  FrDcecdingP  of  Iho  Zoologieiil  Society/'  1877r  pp*  447-^3.  Kemd,  Mmr  LStk. 

t  *'  PTtx^c^dingf  of  tlie  Zoological  Society,*'  1S76»  p.  &08.     (Sttpr^.) 

%  **  Pra«»dtng«  of  the  Zoolopcol  Society,"  IS75|  p.  Zi&^     {Sm^r^^  p.  «9^l 
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EnrylcemmEe,     Such  being  the  case,  either  Sniidevaira  character  no 
longer  holds,  or  the  Enrylffimidaa  are  not  Passe  res. 

'  In  his  inval  uable  memoir  on  the  voice^organs  of  Passerine  birds,*  a 
translation  of  which,  by  mj  friend  Mr.  F*  J.  Bell,  will  shortly  he  pab- 
Hslied  at  Oxford  (by  the  Clarendon  Press),  J*  Miiller  was  so  overcome 
by  the  flood  of  facts  which  he  had  discovered,  tliat  he  remarks  '"It  is, 
then,  now  t ho ronghlj  proved  that  the  singing  birds  cannot  be  separated, 
as  an  order,  from  the  rest  of  the  Passeres  (of  Cuvicr).  There  is  only 
a  large  division  of  Imesgores  or  Passerines  which  must  also  include  the 
StMJifiores,  This  order  of  Inxessores  will  contain  birds  with  the  most 
varied  supply  of  vocal  muRcles,  as  well  as  birds  which  do  not  possess 
these  muscles,  every  intermediate  condition,  being  found/'  The  fact 
that  an  important  generalization,  such  as  that  of  Sundevall  above  con- 
sidered, breaks  down  in  the  case  of  EiiryhBmns  would  have  further  Page  449. 
confirmed  Miiller  in  his  views,  and  makes  the  question  as  to  the  ordi- 
nal importance  of  the  Passerine  group  one  of  vital  ornithological 
interest, 

Mj  subclass  Anomalogonatiet  very  closely  corresponds  with  the 
Miillerian  **  Insessorest'^  which  comprises  the  Cuvitirian  order  so 
termed,  together  w^itli  the  Scansores.  At  the  present  time  its  import- 
ance would  be  considered  supraordinal  by  a!! ;  and  it  ia  Dot  customary 
now  to  divide  that  large  division  into  three  sections,  1.  Osctnes, 
2»  Tracheophmi^J^j  3.  Ffcarli^  as  was  done,  though  not  w^ith  any  great 
feeling  of  certainty,  by  the  able  German  biologist.  We  include  the 
Oscines  and  Tracheophonie,  together  with  the  **  AmpelidsB  and 
TyrannidBe,'*  in  the  order  Passeees,  Why  do  we  do  bo?  For  many 
reasons. 

First,  because,  since  the  promulgation  of  the  theory  of  natural 
selection  by  Mr.  Darwin,  the  doctrine  of  evolution  has  obtained  a  hold 
apon  biologists.  This  doctrine  makes  us  look  npou  the  claflsification 
of  animals  and  plants  in  a  different  aspect  to  that  in  which  the  biolo- 
gists of  thirty  years  ago  and  more  wore  wont  to  do*  We  do  not 
expect  to  find  all  intermediate  links  bdiween  any  two  allied  forms  of 
life.  Groups  have  become  differentiated  from  their  parent  stocks,  and 
when  once  independent  have  gone  on  developing  in  their  special  lines, 
without  admixture  with  any  other  types.  When  the  ancestral  Passeroa 
were  first  developed  they  possessed  the  potentiality  for  the  production 
of  all  the  peculiarities  of  their  offspring ;  and  the  peculiarities  which 
made  thera  Passerine  must  form  the  fundamental  basis  for  a  definition 
of  the  group.  The  determiuation  of  what  these  fundamental  charac* 
tei*8  happened  to  be  can  be  only  made  at  the  present  time  (as  far  as 


•  •*  Abh.  k.  Akttdotjiie  d.  Wibs.  zu  Berlin/'  l&i7. 

t  **  Proceedings  of  the  Zoological  Society,"  1874,  p*  111. 
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soft  parts  are  concerned,  at  least)  by  a  correlation  of  tlie  non-varying 
details.  No  Passerine  bird  being  otherwise,  they  probably  had  (I) 
the  hallux  alone  of  all  the  toes  directed  backwards,  (2)  shorty  simple 
colic  coDca,  (3)  a  nude  oil-gland,  together  with  the  special  pterylosia  of 
the  group,  (4)  only  one  carotid  artery,  the  left,  (5)  a  stemam  with  a 
single  notch  on  each  side  of  the  carina,  together  with  a  bifurcate 
manubrium,  (6)  a  truncated  vomer  with  the  anterior  angles  of  which 
the  nasal  cartilages  joined,  (7)  a  peculiar  insertion  to  the  fonjor 
patagit  brevis  muscle  of  the  wing. 

As  in  all  but  the  Euxylaemidad,  the  deep  flexor  tendon  of  the  balluz 
is  free  from  that  to  the  other  digits  of  the  foot,  at  the  same  time  that 
the  EurylflsmidaB  agree  with  by  far  the  majority  of  the  class  Ayes  in 
this  respect  (whilst  in  the  characterizing  features  above  stated  they 
are  completely  Passerine),  it  is  evident  that  the  ancestral  type  which 
forms  the  basis  of  our  definition,  lived  at  a  period  prior  to  the  Umi 
of  the  vinculum  between  the  pedal  deep  flexor  tendons,  because  the 
probability  that  the  vinculum  may  have  reappeared  in  them  in  a  con- 
dition identical  with  that  in  other  birds  is  infinitely  small.  This  view 
is  confirmed  by  the  nature  of  the  syrinx,  as  far  as  we  are  acquainted 
with  it,  J.  Muller  not  having  been  able  to  detect  any  intrinsic  mnsclei 
Page  4-19.  in  Corydon  sumatranus,*  the  only  species  he  had  the  opportunity  of 
examining.  And  the  length  of  the  first  primary  tanong  the  remiges 
tells  the  same  tale. 

The  order  Passeres  falls,  therefore,  into  two  sections  to  start  with : 
— those  with  the  hallux  not  free,  the  EurylffimidsB ;  and  those  with  the 
hallux  independently  movable.  This  latter  suborder  may  be  again 
divided  up  in  the  manner  suggested  in  Part  I.  of  this  commanication.f 
I  much  regret  that,  not  having  been  able,  as  yet,  to  obtain  any  of  the 
EurylflDmidte  in  spirit,  I  have  not  had  an  opportunity  of  making  out 
the  arrangement  of  the  tejisor  imtagii  hrcvis  muscle  at  its  insertion. 
From  skins  however,  I  have  been  able  to  procure  the  skulls,  with  the 
palates  uninjured,  of  Euryhvnws  ochromelas,  Cymhirhytkchn^  macn*- 
rhyncliHs^  and  Calyptomena  vlridis.  The  first  and  last  of  these  are 
figured  here  (figs.  1  and  2),  Cymhirhynchus  agreeing  very  closely  with 
EurylrmHs.  The  truly  Passerine  nature  of  the  vomer  at  its  anterior 
end,  with  the  aliuasal  cartilages  ossified  in  connexion  with  them,  is 
undoubted ;  at  the  same  time  the  more  than  usually  transverse  and 
lengthy  maxillo-palatines  with  their  uuexpaaded  knobbed  ends  are 
worthy  of  notice.  GaJyptomemi  is  seen  to  resemble  the  other  genera 
in  this  latter  point,  though  the  vomer  is  lauch  narrower  throughout. 
The  feeble  development   of  the  postero-external  or  "  transpalatine*' 


Loc.  cit,  ]).  32. 


•   L>OC.  Clt.  ]).  315. 
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portions  of  the  palatine  bones,  m  termed  bj  ilr.  Parker^  is  to  be  seen 
in  both  the  genera. 


Fig.  L 


Fig,  3. 


Fig.  I.  PtiJiituI  Ticw  of  sLull  of  Eurtfl^muM  ochromelat. 
Fig.  2.  FaUtal  view  of  akitll  of  Calypiomena  viridtM, 

Tnming  to  a  different  subject,  I  desire  to  direct  attention  to  a 
pecnUarity  in  the  sknlls  of  some  of  the  Dendrocolaptid©  among  the 
Tracheophone  Passeres,  which  has,  in  my  opinion,  some  aignifieance  in 
tlie  arrangement  of  the  genera  of  that  family. 

From  an  examination  of  Fumariu^  r^ufus^  Lepkulhennra  mgitJiO' 
hide^f  Sr/naUii.tiS  fronUiliSf  Scl^rwrus  eaudacuhis,  and  Phkf^ocryptes 
melanopSf  I  find  that  these  birds  pi-esent  features  in  the  conformation 
of  their  nasal  bones  not  present  in  Contypoplmga  aurUu,  Dendrocolapte^  Page  450. 
nlbicoUiSf  Picolaptes  ajffims^  TItaimiophiliis  murhats,  Thamtwphilujs 
dolialu^y  ThamTiawanes  glaucus^  GraUana  ijmiteTnalejisisj  Hylucfes  mega* 
podtui,  Fiervjitochus  albicMis^  or  any  other  Passerine  bird  with  which 
I  am  acquainted.  They  are,  in  fact,  schis^orhinal,  like  the  Cbaradrii- 
formea  ;  in  other  words^  the  osseous  external  iiares  are  in  the  form  of 
triangular  openiugs,  the  apical  angle  of  each  of  the  triangles  being 
aitnated  between  the  inner  and  outer  process  of  the  nasa!  bone  of  the 
correspondiDg  side.*  Figure  3  gives  a  view  of  the  upper  surface  of 
the  skull  of  JPuniarius  rnfus.  It  has  been  my  habit  to  group  ali  the 
birds  possessing  the  schizorhina]  skull  in  a  single  major  division, 
including  the  restricted  Limicolie,  the  Gruida^,  Larid^e,  Aleidap,  and 
the  Columbida?;  but  the  independent  development  of  an  identical 
disposition  in  the  small  division  of  the  Passerine  birds  above  mentioned 
weakens  the  importance  of  the  character  to  a  certain  extent,  although 
it  is  not  at  all  necessary  to  assnme  that  it  overthrows  its  signifieance. 
Collateral  evidence,  from  visceral  and  other  detaUa,  compek  me  still 
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to   think  that   those  achizorhiiml  birds  which    possess    th# 
mnBcle — or  are,  in  other  words,  homalogonaioiis^ — mast  be 

Fig.  8. 


Superior  Burface  of  ekull  of  Fumarimf  ni(/fcc»,  to  i^ow  the  Bchixorhiiial  loroi. 

in  one  great  order,  the  Charadriiformes,  tmtil  some  im 
structural  differences  are  discovered  which  iiecessitate  their  heiis^ 
otherwise  arranged*  The  schizorhinal  dispositioD  is  inoet  eertaiiilj 
one  which  is  a  secondary  development  upon  the  normal  bolorbiiial 
nares  j  and  that  it  has  been  independentlj  arrived  at  in  two  i3on-relat<«i 
orders  of  the  class  is  proof  that  it  results  from  most  simple  caoK*, 
because  the  probability  that  the  same  complex  conformation  should 
appear  de  novo  varies  inversely  as  the  complexity :  the  gtcmig^  tiM 
elaboratenesB  the  leas  the  chance  that  it,  in  all  its  details,  coraes  ittls 
existence  more  than  once.  A  still  more  simple  Yaiiatioa  is  looad  ii 
the  number  of  the  carotid  arteries^  the  normal  two  beio^  vediiioed  Is 
Page  461.  t^^Q  j^ft  only  in  certain  members  of  almost  every  order — in  H4ss  ssd 
the  Megapodes  among  the  Galliformes,  in  Atctica  aUe  and  TWm 
among  the  Charadrii formes^  in  Sula  fxiMa  and  Fiolus  anhin^  nmoog 
the  Ciconii formes,  Ac.  The  disappearance  here  and  there  of  ibt 
ambiens  muscle  and  of  the  femoro-caudal,  as  well  as  of  Ibo  qolie 
cfioca,  all  come  under  the  same  category,  as  simple  operations  wl 
lose  their  significance  in  the  determination  of  affinity  in  propoHioa 
the  frequency  of  their  appearance,  or  to  the  facility  writh  whicb 
are  induced,  as  I  would  assume. 

The  figure  of  the  sn  peri  or  surface  of  the  akull  of  PumarimB  ntht 
(fig.  3),  when   compared  with  those  of   Charadriiform    birds  in  mf 
paper  above  quotedtt  will  show  the  resemhlanoe  betweon  tbo  t 
far  as  the  point  nnder  discussion  is  concerned. 


fWtO 


rid4f  "  Proceedings  of  tlio  Zoological  Societj,"  1674,  p.  116.      {Sm^r^  n,  * 
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In  qttestiona  of  doubtful  affinity  among  the  btrtk  under  consideration^ 
this  character  pK>v6B  to  be  of  service.  For  examplej  the  genus 
Margarornis  iB  diflerentlj  placed  by  leading  omitbologistH— by  Bome 
along  with  the  Sclerarinco  on  account  of  the  shortuess  of  its  outer  toe, 
by  others  with  the  BendrocolaptiuBS  because  of  the  sti^ness  of  its 
tail-feathers.  From  the  skull,  an  example  of  which  I  hare  had  the 
opportunity  of  removing  from  a  akin  of  Margarontis  perlaia,  through 
the  kindness  of  Mr.  Salvin,  I  feel  no  doubt  that  it  is  7wt  Dendroco- 
laptine,  because  the  nasal  boeea  agree  exactly  with  those  of  Furnariui 
ruftis  and  the  other  schizorhmal  Passeres  above  mentioned. 

I  may  also  mention  that  in  these  schizorhiual  tracheophone 
Passeres,  as  also  in  their  allies  the  PteroptochidaB^  the  maxillo-pala- 

Ftg,  4 


Fdatal  Ticw  of  skull  of  Fiero^iochua  alhicoUia, 

tine  plates  of  the  maxillary  bones ^  instead  of  terminating  by  hlnnt 
uncurved  tips,  as  in  the  non-oscine  (mesomyodian*)  Passeres  gener- 
al] y,  including  Dentirocolaptes,  Tkamnophilm^  and  their  nearest  alltcs, 
are  slender  and  curved  backwards  as  in  the  Oacines.  A  study  of  the 
superb  plates  in  Mr.  Parker's  Memoir  on  j3i3githognalhous  Birdsf  will 
illustrate  this  point,  which  an  inspection  of  other  skulls  still  further  Page  453. 
verifiea.  Figure  4  shows  this  formation  in  the  palate  of  Fteropiochui 
alhicoUU, 

These  facts,  when  correlated^  suggest  a  slight  modification  of  the 
arrangement  of  the  Tracheophontn  aa  teased  upon  the  nature  of  the 
tarsal  scutellation  and  the  structure  of  the  tails.  In  their  valuable 
**  Nomenclator  Avium  Neotropicalium/*  Messrs.  Sclator  and  Salvin 
divide  the  suborder  thus : — 


*  Prooeedinga  of  the  Zoological  Society,"  187fi.     {Svipr^,  p.  366,) 
t  '^TnuuaetioiiJ  of  tbe  Zoological  B<xnety;*  Vol.  IX.  p,  S89,  PI.  LTI.  figs,  8-10, 
liVIL  ilgt.  8-10,  ot  LIX.  figB.  1-3  And  GS, 
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Suborder  Teucheophonj:. 

Fam.  1.  Bendrocolaptidce, 

Snbfam.  1.  FnmariiiiflB. 

Subfam.  2.  SclerorinaB. 

Sabfam.  3.  SynallaziniB. 

Sabfam.  4  PhiljdorinflB. 

Subfam.  5.  Dendrocolaptinse. 
Fam.  2.  Formicariidce, 
Fam.  3.  PteroptochidoB. 

To  me  it  would  appear  that  the  following  arrangement  bet 

presents  their  mutual  alliances : — 

Suborder  Teacheophonje. 
Fam.  1.  FurnariicUB. 

Sub&m.  1.  Fumariin®. 

Subfam.  2.  Sclerarin». 

Subfam.  3.  SynaUaxinse. 

Subfam.  4.  Philydorin®. 
Fam.  2.  PteroptochidoB, 
Fam.  3.  Dendroeolaptidce, 
Fam.  4.  Gonopophagidce. 
Fam.  5.  FormicariidcB. 


59.  NOTES  ON  THE  ANATOMY  OF  PASSERINE  BI 

Part  III.* 

(Plate  XXVII.) 

Page  523.  On  the  present  occasion  I  take  the  opportunity  of  describin 
voice-organ  in  some  species  of  the  non-oscinine  (mesomyodian 
seres  in  which  that  structure  is,  so  far  as  I  am  aware,  unknowii. 

Leaving  any  deductions  until  I  have  recorded  the  natiii^  < 
structures,  I  will  commence  with  an  account  of  the  syrinx  in  so 
the  Tracheophonaa. 

Hijlactes  megapodius. — In  this  species  the  syrinx   is  not  ide 
with  any  of  those  described  by  J.  Miillcr.t     It  does  not  differ 
from  those  of  Scytahpus  indujoticiis  and  CJuiincpza  hrevlcaiida 
essential  structure.     By  Miiller,  however,  no  mention  is   madi 
peculiarity  which  I  find  in  this  species,  which  seems  to  me  to 

•  "  Proceedings  of  the  Zoological  Society,"  1877,  pp.  523-6.      PL  L.III. 
June  6,  1877. 
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Ught  upon  tlio  method  of  development  of  the  tracheophone 
rigfiiiix.  This  conaista  in  the  way  in  which  the  chai'acteristic  very 
Blender  rings  of  the  special i zed  voice-organ,  instead  of  ceaaiug 
abruptly  at  its  upper  end,  continue  upwards  on  tlio  anterior  surface  of 
the  trachea  for  a  considerable  distance,  whilst  posteriorly  they 
Sttddenly  change  their  breadth  superiorly  where  the  syrinx  ceases. 
Figurea  4  and  5  of  Plate  [27]  LlII  represent  the  anterior  and 
posterior  views  of  the  organ. 

The  procesmts  vocalesj  which  rest  on  the  first  and  aecond  modified 
and  ossified  bronchial  semi- rings,  extend  up  a  a  far  as  the  tracheal 
true  ring,  twelfth  from  the  bottom.  These  twelve  lowermost  tracheal 
rmga  are  incompleto  opposite  the  processus  vucaiIcs  (in  other  woi\1b,  at  Pftgo  521. 
theii'  aidea),  as  they  are  in  all  the  Tracheophonse ;  and  the  lowest  is 
also  broken,  as  it  were,  in  the  middle  line  behind. 

Posteriorly  the  lower  oino  are  extremely  slender;  the  tenth 
(counting  upwards)  is  somewhat  thicker,  the  eleventh  still  more 
evidently  so,  whilst  the  twelfth  is  aa  thick  as  any  of  the  superior 
rings* 

Anteriorly  there  are  twenty'three  of  the  lower  tracheal  rings, 
which  are  quite  slender  in  the  middle  line»  especially  the  lowest  three ; 
and  of  these  the  twelve  lowest  (those  split  laterally)  are  slender  from 
one  side  to  the  other,  whilat  the  upper  eleven  appear  thick  at  their 
extreme  ends  on  account  of  the  intrusion,  for  a  short  distance  round 
the  sides  of  the  tracheal  tabe,  of  the  thickening  above  recorded  of 
their  hinder  parts,  which  diminiahea  rapidly  in  a  spindle- pointed 
manner. 

The  lowest  tracheal  ring  is  as  slender  as  those  jnat  above  it ;  and 
it  ia  worthy  of  note  that  the  processus  vocales  rest  upon  the  tldckened 
second  bronchial  aemi-ring  as  well  as  on  the  first.  These  vocal  pro- 
cesses cannot  be  detached  from  the  sides  of  the  trachea  without  in- 
jxiring  it  J  and  the  stcmo- tracheal  muscles  arise  from  their  apicea,  to 
which  arc  also  attached  thin  muscular  sheets  which  extend  up  the 
windpipe  latemlly  and  a  little  posteriorly, 

Grallaria  guaterrnilensi^. — In  this  species  also  the  specialized  syrinx 
does  not  cease  abruptly  at  ita  upper  end,  the  superior  rings  of  the 
trachea,  which  help  to  constitute  it,  gradually  losing  their  individmil 
oharacter.  Figs.  1  and  2  (Plate  [27]  LIII.}  represent  the  front  and 
back  view  of  the  organ,  which  is  peculiarly  shallow  for  lis  width,  and 
involves  but  six  of  the  lowermost  tracheal  rings,  These  aix  are  in- 
complete at  their  sides  where  they  are  in  contact  with  the  processus 
vocedeSf  which  latter  are  small,  flat,  fnailbrm  ossifications,  pointed  both 
at  their  upper  and  lower  ends,  and  just  touch  the  Epper  of  the  two 
superior  enlarged  and  ossified  bronchial  semi-rings,  the  remainder  of 
each    bronchus    being   of    the    normal    character.      Tho    lowermost 
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tracheal  is  incomplete  in  the  middle  line  in  front,  as  well  Ml  at  1 
Bides,  whilst  behind  it  is  thickened,  and  sends  small  downwi 
processes  on  each  side  of  the  middle  line  in  such  a  manner  as 
develop  a  notch  between  them.  Figure  3  represents  the  left-fl 
Tiew  of  these  structures,  seen  from  the  interior  of  the  organ,  a  be 
the  processus  vocal  is.  From  figure  1  it  can  be  seen  that  the  tracl 
rings  four,  five,  and  six  from  the  bottom  are  not  ossified  at  all  in  fix 
and  that  rings  seven,  eight,  and  nine  are  only  so  at  their  sides,  wfa 
ring  ten,  with  those  just  above  it,  are  extremely  thin  in  the  mid 
Posteriorly  also,  from  figure  2  it  can  be  inferred  that  the  rings  ab 
the  bottom  ones  are  very  slender,  becoming  thicker  by  degrees  ab 
the  sixth,  which  is  the  highest  of  those  constituting  the  voioe-orga] 
With  reference  to  the  muscles,  it  may  be  stated  that  the  late 
muscle  of  the  trachea  on  each  side  covers  and  joins  the  npper 
tremity  of  the  processus  vocaliSf  turning  off  to  becomo  the  fnuBou 
sienW'trachealis  opposite  the  ring  third  from  the  end,  and  sending 
Pago  526.  continuation  on  to  act  directly  upon  the  bronchial  semi-rings. 

Lipaugus  cineraceus. — In  this  species  the  single  specimen  at  : 
disposal,  which  Mr.  Edward  Bartlett  has  most  kindly  given  me,  ] 
the  lower  part  of  the  windpipe  considerably  damaged  by  shot.  Nev 
theless,  as  one  side  is  comparatively  uninjured,  I  have  been  able 
make  out  the  essential  points  in  the  structare  of  the  syrinx,  whi 
docs  not  difier  much  from  that  of  Pipra  leucocilloj  as  represented 
Miiller.*  The  lowermost  rings  of  the  trachea  are  not  peculiar,  en 
one  being  deep,  and  meeting,  at  its  superior  and  inferior  margi 
the  rings  above  and  below  it.  The  first  and  second  bronchial  sei 
rings  resoniblo  thoso  of  the  trachea  in  their  flatness,  depth,  a 
approximation,  the  third  being  the  first  normal  bronchial  ring. 
with  those  which  follow,  are  slightly  peculiar  in  that  they  are  ossifi 
tliroDghout,  except  in  a  small  part,  equal  to  about  one  sixth  1 
breadth  of  each  semi-ring,  one  third  distant  from  their  anterior  en 
where  they  retain  their  primitive  cartilaginous  structare  (yide  PL 
[27]  LIII.  figs.  6  and  7). 

The  lateral  muscle  of  the  trachea  is  of  considerable  breadth,  bei 
most  developed  anteriorly,  thoso  of  the  opposite  sides  coining  neaj 
into  contact  in  the  middle  line  in  front.  Opposite  the  tracheal  ri 
seventh  from  the  bottom,  the  small  stemo-trachealis  is  differential 
off  from  the  posterior  portion  of  this  muscle,  by  far  its  larger  anter 
part  continuing  downwards  to  become  the  intrinsic  muscle  of  1 
syrinx,  which  ceases  at  its  insertion  into  the  anterior  half  of  the  th: 
bronchial  semi-ring.  It  exhibits  no  tendency  to  split  into  two  as 
Pipra  leucncilla. 

•  Loc  cit,  Plate  IV.  figs.  9-11. 
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It  may  be  mentiooed  that  the  aecond  bronchial  semi- ring  is  Boma- 
wliat  expanded  at  its  ends»  intrnding  more  into  the  mcmbranoiia 
completion  of  tlie  bronchial  tube  than  do  those  which  follow  it*  The 
damao;ed  condition  of  my  specimen  makes  it  impossible  to  determine 
whether  the  an tero- posterior  bar,  which  is  situated  at  the  point  of 
bifurcation  of  the  tt>aeheai  is  formed  by  the  last  tracheal  ring,  or  by 
the  completicm  and  junction  of  the  first  bronchial  rings  of  either 
Bide*  I  am  inclined  to  think  it  depends  on  the  latter  of  these 
conditions- 

CktromaehjBns  manacuB,  according  to  the  description  given  by 
Miiller,  agrees  exactly  with  this  species,  as  far  as  its  syrinx  is  con- 
cerned* 

Heteropelma  verm-pctcu. — It  is  Mr.  Salvin  whom  I  have  to  thank 
for  a  specimen  of  this  species,  as  well  as  the  next  to  be  described,  in 
spirit.  Ita  voice-organ  is  most  simple.  The  single,  broad  lateral 
mnscle  of  each  side  of  the  trachea  continues  down  to  the  middle  of 
the  second  bronchial  semi-ring,  which  is  scarcely  different  from  those 
below  it  either  in  bulk  or  appearance ;  and  the  one  above  it  resembles 
it.  There  is,  however,  a  considerable  interval  between  it  and  the 
third,  whilftt  it  almost  touches  the  first.  Kone  of  the  lowermost 
tracheal  rings  are  peculiar  in  any  way. 

Hetdrmtomus  aglaim  m  a  bird  in  which  the  calibre  of  the  lower  end 
of  the  trachea  is  very  inconsiderable,  and  the  syrinx  is  correspond- 
ingly difficult  to  investigate.  The  tracheal  rings  are  not  modi^ed, 
except  the  last,  which  is  developed  into  a  three-way  piece  from  the  Page  626. 
presence  of  a  bar  running  from  hefaro  backwards  at  the  middle  of  the 
lower  margin.  The  first  bronchial  half- ring  is  of  the  sarae  flattened 
and  deep  nature  as  the  tracheal  rings,  and,  like  them  also,  is  not 
separated  from  the  three-way  piece  by  any  interval.  To  its  anterior 
end,  on  each  side,  as  well  as  to  the  front  of  the  three-way  j)iece,  the 
intrinsic  muscle  is  attached,  which  descends,  broad  and  thin,  down  the 
front  of  the  lower  part  of  the  trachea,  in  contact  with  its  fellow  of 
the  opposite  side,  there  to  terminate  {vkh  Plate  [27]  LITI.  fig.  8). 

The  second  bronchial  semi -ring  is  not  modified.  It  is  separated 
by  a  short  inti?rval  from  the  first,  and  by  a  stiikingly  considerable  one 
from  the  third,  which  is  the  commencement  of  the  normal  bronchus. 
I  could  not  find  that  the  muscles  of  the  syrinx  sent  any  fibres  to  this 
second  ring,  as  in  PachijrhamphiiE  alrieapiUus^  described  by  Miiller, 
although  otherwise  this  structure  is  almost  identical  in  the  two  hii^ds. 
If  they  are  present  they  must  be  extremely  feeble;  and  the  relative 
distances  of  the  upper  bronchial  semi-rings  favonre  the  view  that 
Bome  special  arrangement  exists. 

The  account,  above  given,  of  the  voice-organs  in  the  aberrant 
Passeres  in  qnestlon^  is  entirely  confirmatory  of  the  results  arrived  at 
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by  Johannes  Miiller.  Both  M^lactes  and  Grallaria^  are  i^mpl^tel 
tracbeophooe,  aa  he  prodiated  thoj  would  be  found  to  be,  &lthoii§ 
the  J  agree  with  one  another,  and  differ  from  those  previoml 
described  in  having  the  gyringeal  end  of  the  trachea  lesa  ahroptl 
digtingnisbablo  as  being  composed  of  two  parts^  Neither  Lifnjmgm 
nor  Meteropahiuii  nor  Madrostmnua  aj*@  far  froox  the  mesoiujodis 
tjpes  already  known ^  as  far  as  their  voice- organs  are  ooncofiiej 
which  Btrnoinre  clearly  shows  that  onr  nomenclature  is  axi  mefficieii 
one  when  it  places  Hadrost^rfiits  as  far  from  Fachyrltaniphu^  aa  eiUii 
is  from  Titt^ra,  ^ 

Agam^  alao,  that  the  Pipridae  and  CotingidfB  should  b©  considfl^ 
to  be  differeiit  families  is  not  borne  out  by  the  nature  of  the  loira 
larynx ;  and  it  seem^  hardly  possiblo  to  allow  a  differetice  in  tvn 
Bcntellation  to  constitute  a  family  difll^rence,  when  not  bome  out  h 
more  important  points  of  internal  structure. 


EXPLANATION  OF  PLATE  27.      (UIL) 

Eig.  I.  Syrinx  of  Qrallaria  ^ualemalen^i*,  h^nt  view. 
%  The  same,  ba^k  riew. 

3.  The  5&me,  liitafttl  view,  from  wilhini  thowing  the 

4.  Bjrliii.  of  H^lmate*  mejf^&dimj  front  riefw* 

6.  Tbo  iame^  biiok  ritw, 

B.  Syrini  of  Lipmngu*  cineraceut,  front  li^w* 

7.  The  eame,  aido  flew. 

8.  Sjrini  of  Madrostomui  a^lm^^  fi^nt  Tiew, 
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60.  NOTES  ON  THE  ANATOMY  OF  PASSERINE  BIRDS. 

Part  IV.» 


I 


In  mj  "  Notes  on  the  Anatomj  of  Passerine  Birds,"  Part  II.,  whilst  Pago  143. 
discussing  the  systematic  position  of  the  Enryliemidte,  I  mention  that 
the  method  of  insertion  of  tho  tensor  patagii  brevis  muscle  of  tlie  arm 
ia  nnknown,t  Through  the  kindness  of  Lieut.- Colonel  Godwin- 
Austen,  who  has  placed  at  my  disposal  carboUzed  specimens  of 
Psarisoniiis  dalkoimie  and  Serilophus  ruhropygitLs,  I  have  recently  had 
the  opportunity  of  dissecting  these  species,  and  am  now  able  to  stat^ 
that  in  both  of  them  the  tendon  of  the  tensor  patagii  brevia  is  perfectly 
pAsaerine,  agreeing  precieely  vfiih  the  typical  arrangement  previously 
described  by  me  in  the  OrderJ^ — the  two  tendons  which  ttuverse  the 
distance  between  the  point  where  the  main  tendon  joins  the  extensor 
metacarpi  radialis  longus  and  the  elbow  running  independently  and 
parallel  as  they  course  to  their  humeral  attachment. 

In  neither  specimen  was  I  able  to  dissect  out  the  plantar  tendons, 
because  they  were  so  dry  and  brittle  that  no  amount  of  soaking  would 
render  them  fit  for  observation.  I  was,  however,  able  to  determine 
Bome  other  anatomical  points,  including  the  existence  of  a  single 
carotid  artery  (the  left),  a  normal  disposition  of  the  vessela  of  the 
thigh  (the  main  artery  of  the  leg  being  the  sciatic),  the  considerable 
size  of  the  femoro-caudal,  of  the  semitendinosus,  and  of  the  accessory 
semitendinosua,  and  the  absence  of  the  accessory  femoro-candal  and 
of  the  ambiens  muscles. 

Previous  evisceration,  I  regret  to  say,  prevents  my  adding  any 
thing  with  reference  to  the  syrinx  and  the  abdominal  viscera ;  never- 
theless I  think  that  now  tbe  vomer  and  the  tensor  patagii  brevis  are 
known  to  conform  exactly  with  the  Passerine  type,  all  shadow  of 
doubt  as  to  the  perfectly  Passerine  structure  of  the  Euryhemid©  may 
be  dismissed,  notwithstanding  the  aberrant  vinculum  joining  their 
deep  flexor  tendons ♦ 

So  far  as  its  stemnm  is  concerned,  PMansomtis  dalhmmm  bo  closely 
resembles  Eurylwtnm  javankuSf  as  figured  by  Mr,  Sclater  in  **  The 
Ibis,'*§  that  no  further  remark  with  reference  to  it  is  neceaaary, 
except  to  draw  attention  to  the  unforked  condition  of  the  manubrium. 
My  specimen  of  Serilophits  was  too  much  shot  for  me  to  make  out  ite 
sternal  peculiarities. 

•  *•  Piw^cdinga  of  tlie  Zoological  Society/*  1378,  p.  143.  B<?*fl,  Feb.  5,  1878. 

t  "  Proceedings  of  the  Zoological  Society/*  1877,  p.  *149.  (Supra,  p,  370.) 

t  "  PiVM^eodinga  of  the  Zoological  Society/*  1876,  p.  608  (Supr^,  p.  3&6.) 
§  Tlmd  3ene«,  toL  ii,,  1872,  p.  179. 
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f>L  ON  THE  CHINESE  DEER  NAMED  LOPHOTRAGUS 
MICHIANLrS  BY  MR.  SWINHOE.* 

(Plat©  XX^ail.) 

Page  757.  2IT  a  meeting  of  this  Society  in  1874  (**  Proceedings  of  the  Zoolqgicd 
Society/'  1874^  p-  453),  Mr,  R.  Swinhoe  described  a  small  Deer  aettt 
him  from  the  neighbonrhood  of  Ningpo  by  Mr.  Michie,  of  Shmnglttt, 
and  gare  it  the  name  Lophotragas  fmchianfis^  after  its  disoor^rer. 
The  specimen  consisted  of  a  skin,  without  the  skull  or  any  other 
bones.  Mr.  Sclater,  at  the  tirne^  suggested  that  it  might  be  thit 
Eluphodiis  cephalophus^  which  had  been  described  shortly  beforet  ty 
M.  Alphonse  Milne*Edwards  from  specimens  obtained  by  Fere  Dmrijl 
in  Moupin.  Mr.  Michie  informed  Mr.  Swinhoe  that  the  specimen  wa* 
a  female;  and  Dr.  Peters,  of  Berlin,  who  carefully  examined  it  bejba* 
it  was  monntod  for  the  national  collection  in  that  city,  has  conrteoosljr 
answered  qnestions  which  I  put  to  him  with  reference  to  it  (the  ^rp) 
in  the  following  words  : — "  It  does  not  show  a  trace  of  horus  .... 
It  shows  well  developed  teats,  and  not  a  trace  of  a  penis ;  there  is  do 
trace  of  an  impression  on  the  lower  lip,  as  would  hare  becni  the  caae  H 
it  had  been  furnished  with  the  male  tnaks,  figured  from  imagmalios 
in  Swinhoe's  figure,"  From  wbat  will  be  said  farther  on  it  g^w  be 
evidently  inferred  that  the  type  specimen  is  a  female, 

A  second  specimen,  a  living  male,  of  the  same  Deer  was  purdMori 
by  the  Society  on  Febroary  12th  last  from  Hr.  Michie*8  agei^k  b 
also  came  from  the  Ningpo  district.  Ikir.  Sclater*s  note  with  refercoo 
to  it,  together  with  a  woodcut  of  the  animal,  will  be  foand  to  the 
**  Proceedings**  J  for  this  year.     In  this  he  tells  us  that   **  the  caninfli 

Pace  75B,  proj<?ct  from  the  sides  of  the  montb,  aa  in  Hydropotes.  There  are  n© 
external  antlers ;  but  there  are  hard  projfxiting  cores,  sensible  to  C^ 
touch,  beneath  the  elongated  hairs  which  form  a  flattened  dtalc  oa 
the  forehead,'* 

Shortly  after  its  arrival  the  animal  began  to  show  symploms  of 
paralysis,  which  led  to  its  death  on  the  14th  of  July.  The  folkmin^ 
are  measurements  made  a  few  hours  after  its  deaths  befc>re  any 
incisions  had  been  made : — 


From  tip  of  nose  to  base  of  tail  ...,., S6 

Fleshy  tail S 

•  *♦  Proceeding*  of  the  Zoologies!  Society,"  1876,  pp.  767-765.     BL  LXXTII. 

K<^d,  Not.  21,  1876, 

t  "  NotiT.  Arch,  du  Mu«>  1874,  BuU."  p.  0S. 
{  [Loe,  eit,  p.  273.] 
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inehea. 

Length  of  head  *.,.♦,., , , 9  J 

liengih  of  ear 5| 

Ghreateat  breadth  of  ear 3^ 

From  the  middle  line  of  the  back  straight  down 

to  the  elbow, , 10 

From  the  elbow  to  the  wrist 5-J 

From  the  wrist  to  the  base  of  hoofs . . , 6| 

From  the  middle  line  of  back  straight  down  to 

the  knee 11^ 

From  the  knee  to  the  ankle 9 

From  the  ankle  to  the  base  of  the  hoof 10 

A  imnnte  examination  of  the  aknll  and  skin  of  this  specimen,  in 
association  with  the  description  and  figTirea  given  of  Elnphodtis 
cephalophns^  made  it  quite  evident  to  rae  that  Michie*s  Deer  is  of  the 
same  genna  as  it;  and  I  wrote  to  M.  Milne- Edwards  to  ask  him  some 
questions  of  detail  with  reference  to  the  Mompia  species.  In  reply 
that  gentleman  told  me  that,  besides  the  specimen  fignred  bj  him,  he 
has  two  other  skins  of  the  same  speeies  in  very  bad  condition,  which 
mnch  resemble  L<yp}iotragtis  in  their  colour,  and  that  be  belieyes  they 
clearly  show  that  the  species  is  variable  in  its  coloration,  and  that  the 
Beer  described  by  Mr.  Swinhoe  is  the  same  as  that  obtained  by  Pere 
David.  At  the  same  time  he  very  courteously  sent  me  the  two  skins 
above  mentioned,  from  the  larger  (male)  of  which  the  figure  of  the 
pkull  given  by  him  was  taken,  and  also  gave  me  permission  to  remove 
the  skull  from  the  smaller  (young  female)  skin.  This  I  have  done, 
and  find  that  in  age  it  is  exactly  the  same  as  the  Society's  specimen. 

A  comparison  of  the  skins  makes  it  immediately  evident  that  the 
animals  from  Mo  up  in  and  those  from  Ningpo  scarely  differ  from  one 
another  at  all,  and  that  LopJiotragtis  michmnu^  and  Elaphodus  Cephas 
hphus  are  the  same  species,  slightly  modified  in  aocordanc©  with  the 
difference  in  their  habitats. 

The  following  description  of  the  species  may  serve  to  render  its 
characteristics  more  apparent  i- — 

Elaphodus  cejthalophn^?  is  a  Deer  of  about  the  same  size  as  the 
Indian  Mantjac  {Cervulu^  nmntjae)^  with  minnte  simple  antlers, 
which  are  situated  on  slender  convergent  pedehtals ;  and  with  enor- 
mons  canine  teeth.  The  supraorbital  glands,  found  in  the  Mnntjacs, 
are  not  present ;  nor  is  there  a  tufted  gland  on  the  outside  of  the 
metatarsus. 

The  hair  is  coarse  and  slightly  qnill-like.     In  the  Moupin  speci-  Page  759. 
mens  it  is  of  two  kinds  aa  regards  general  coloration — ^all  in  front  of 
a  vertical  line  drawn  through  the  shoulder* joints  with  the  exceptions 
to  be   mentioned   below,  being   whitish  at  the  base,  and  gradually 
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bocoming  dark-brown  towards  the  tip,  quite  close  to  which  i 
a  distinctly  marked  narrow  white  ring.  This  white  rin^  n 
extremity  of  each  hair  gives  a  speckled    appearance  to   thi 

covered  with  it. 

Over  all  the  body  behind  the  above-mentioned  line  this  whi 
is  absent;  and  each  hair,  from  being  white  at  the  root,  gn 
darkens  to  become  of  a  rich  brown  at  the  tip,  over  the  sides  an 
of  the  animal,  more  pronounced  along  the  middle  line-— at  tfa 
time  that,  whilst  deepening  in  intensity  down  the  legs,  belt 
carpus  and  tarsus  the  colour  is  almost  black  itself,  as  are  the 
In  the  female  figured  by  M.  Milne-Edwards,  which  is  of  a  more 
tint  generally  than  the  pair  of  skins  lent  by  him  to  me,  there  i 
sometimes  the  case  in  CervuliM  reevesi,  a  white  line  joBt  abo 
hoofs. 

The  under  surface  of  the  tail  is  white,  as  is  also  the  hair 
pudendal  region. 

Much  resembling,  though  more  developed  than  in  the  femal 
the  young  males  of,  the  genus  CervuUis,  there  is  a  crest  of  li 
deep-brown,  almost  black  hair  arranged  in  a  horse-shoe  shape 
frontal  region.  It  is  anteriorly  that  the  crest  is  deOcient^  the 
speckled  hair  of  the  nose  extending  backwards,  at  the  same  tin 
it  lengthens,  to  enter  the  interior  of  the  enclosure  thos  formed. 
crest  is  slightly  prolonged  between  the  ears  as  a  pointed  procsesc 
the  equally  dark  hair  of  the  base  of  the  exterior  of  which  it  do 
blend,  a  narrow  speckled  isthmus  intervening.  M.  Milne-Ed 
tells  us*  that  the  interior  of  the  ears  is  whitish,  and  that  the  i 
these  organs,  as  well  as  the  greater  part  of  their  inner  edge,  ar 
nearly  pure  white.  A  transverse  black  bar  extends  across  the 
surface  of  the  car,  about  three  quarters  of  an  inch  broad.  Aloi 
lateral  margin  of  the  outside  of  the  horse-shoe  crest  the  shoi 
forms  a  light  grey  line  in  front  of  the  eye,  becoming  reddish-" 
behind  it.     Tlie  long  hair  of  the  crest  itself  is  directed  backward 

In  the  young  male  specimen  from  the  hills  near  Ning-po 
forms  the  subject  of  the  present  paper,  the  only  hair  which  is  i 
is  situated  in  the  front  of  the  base  of  each  ear,  occupying  an  exti 
small  area.  Elsewhere  the  chocolate- brown  of  the  Monpin  cxu 
is  replaced  by  greyish-black,  each  hair  being  white  for  a  consid 
distance  from  its  base.  The  face  and  neck  are  therefore  not  sp 
or  brown,  but  uniformly  dark  grey.  The  head  is  figured, 
appeared  immediately  after  death,  in  the  accompanying  di 
(Plate  [281  LXXVI.). 

The  s/iull  of  the  Ningpo  Ehijthodus  cannot  be  said  to  differ 

♦  Loc.  Off.  p.  355. 
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tially  from  the  MoBpiu  8]>ecimeii9.  Although  there  are  exqaisite 
fig-ures  in  the  **  Recherches  pour  eervir  a  Thistoiro  Natarelle  des  Mam- 
miferes  *^*  of  the  skull  of  the  adult  male,  M.  Milue-Edwards  hfts  most 
obligingly  allowed  me  to  remove  the  cmnium  from  the  skin  of  the  Pag*?  7G0. 
female  that  he  has  lent  me,  which  fortunately  happens  to  be  of  exactly 
the  BBtiae  age  aa  the  Society's  male ;  in  other  words,  the  median  milk- 
ineisors  are  gone,  whilst  the  third  molars  are  juat  protruding,  all  the 
milk-molars  being  in  place.  In  the  Society's  gpeoimen  the  frontal 
pedestals  are  fairly  long,  but  without  any  antlers  at  their  extremities. 
Their  bases  are  slightly  further  from  one  another  than  in  the  Moupin 
male ;  and  there  is  a  second  slight  differeoce  from  both  it  and  the 
female,  which  is,  that  Just  at  the  root  of  the  ascending  orbital  process 
of  the  malar  hone  the  ring  of  the  orbit  does  not  become  ossified 
upwards  so  as  to  reduce  its  size  by  the  formation  of  a  shallow  lamina 
above  the  masseteric  ridge.  This  peculiarity  may  also  be  expressed 
by  sayisg  that  the  surface  of  origin  of  the  masseter  muscle  extends 
upwards  as  far  as  the  margin  of  the  orbit  in  the  Ningpo  male,  whilst 
in  those  from  the  more  western  locality  it  ceases  some  distance  below 
it.  But  it  must  be  noted  that  the  Ningpo  specimen  died  in  very  bad 
condition,  the  bones  being  spongy  and  ill-marked,t  whilst  the  others 
were  shot  wild.  In  it,  strangely  enough,  there  is  also  an  abnormality 
with  which  I  am  not  at  all  acquainted.  It  is  tliat  the  malar  bones  on 
both  sides,  instead  of  being  single,  are  made  up  of  two  independent 
ports^  an  orbital  and  a  zygomatic,  with  the  sature  longitudinal  and 
nearly  straight,  extending  from  the  anterior  extremity  of  the  zygo- 
matic process  of  the  temporal  bone  to  the  posterior  inferior  part  of  the 
large  crumenal  depression. 

Sir  Victor  Brooke, J  in  his  paper  on  the  Cervuli^  has  drawn  atten- 
tion to  the  very  peculiar  disti*ibation  of  the  ankyloses  in  the  tai^sus  of 


•  Adw,  Pk  LXTI  and  LXVII. 

f  The  following  are  the  inea*urenjentH  of  tlio  ekiil!  of  the  Ningpo  male,  side 
bj  side  with  vrbicb  tbo»e  of  the  malo  (adult)  Moupin  epeiiuien  are  giTen,  from 
M.  Milno'Udwardfl^a  figUTG  i  — 

NiDgpo  Moupin 

ipec*  »poc. 

ixL  in. 

Eitreme  leD^h  of  akuU *...*.. 6t  7|f 

ExtreiTie  brcftdth  f  roni  zygoma  to  xjgomn %^  ^^ 

luU-rvnl  bc'twcM*n  inner  sides  of  frontiil  pedestals 1||  1 J 

Extri'me  length  of  nasal  bonca ..*..».. 2^  2| 

Breudlh  of  facial  piano  opposiu?  kchr)'mal  foramina   . .      If}  2^ 

Ikliindiblo  fruni  angle  to  incieor  uiufgiu    .,*....*«..«.*      hk  ^i 

Kilrtntie  lengtli  of  prionmxiiln l|f  2^ 

Extrvmc  intcrmolar  breadth » *  * li 

X  '*Prcicoedingt  of  the  Zoological  Society;'  1S74,  p.  33. 
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tltat  ramily,  lie  having  demonfitrated  that  in  it  the  extern^  asd  \ 
cuneiform  bones  blend  with  the  naricalo-caboid  to  form  j 
The  same  condition  exactly  exists  in  Elaphodus  cepkalophut^  the  mner- 
most  cuneiform  bone  remaining  free.  Bat,  Btr&n^  to  relate^  in  mj 
specimen  of  Michie's  Deer,  on  both  aides,  this  internal  cmneifornt  boot 
is  completely  anchylosed  with  the  metatarsnay  a  further  speciaiixatiLiik 
than  is  found  in  any  other  mminaot,  so  far  as  I  can  make  oat. 

In  Micbie*8  Deer  no  trace  of  the  lateral  metaoarpal  mdtmKnfe 
could  be  detected.  It  possesses  thirteen  pairs  of  ribs,  six  Inmbu^ 
vertebrae,  six  ankylosed  sacrals,  and  niiae  caudal s,  making  fortj-*me 
Page  761.  vertebrsB  in  all.  The  bones,  in  the  specimen  under  oonsid«nt]in, 
especially  those  of  the  limbs,  are  extremely  porous  and  badly  marked; 
nevertheless,  on  making  a  section  of  the  he-ad  of  the  metatamav  ttii_ 
apparent  that  the  internal  tarsal  enneiform  bone  has  eo  oompleti 
fused  with  it  as  to  leave  no  line  of  demarcation.  In  the  Parit  i 
mens  of  Elaphodtis  the  tarsus  exactly  resembles  that  of  Cervmim$^  i 
the  lateral  metacarpals  are  very  nearly  lost. 

In  the  young  female  from  Monpin  the  milk  canine  teelli 
place,  their  permanent  successors  appearing,  in  the  dry  ^otl, 
them.  In  the  male  of  the  same  age  from  Ningpo,  the  tnaka  kaTB  i 
remarkably  permanent  appearance,  and  there  is  no  eT^idenoe  hoot 
the  condition  of  the  maxillary  bones  that  they  belong'  to  the  milk 
series.  Such  being  the  caae^  it  must  be  presamed  that  the  oiiik 
caniDea  in  the  male  are  shed  earlier  than  in  tbe  fem&lea,  aa  it  is  aol 
in  accordance  with  any  known  facte  that  they  should  have  pernslcni 
pulps  which  would  remove  any  necessity  for  their  replacement* 

Anatomy  of  the  Alimentary  Oantd  aiid  oiher  Vtseerti, 

The  muffle  is  more  considerable  than  in  the  Elaphtne  T^eer, 
resembles  that  of  the  Rusime  and  Mnntjacs  in  extending  opwanlf 
along  the  outer  border  of  each  nostril  as  far  as  its  finj>erior  margia* 
Tbe  canine  tusks  protrude  an  inch  below  the  upper  Iip»  and  mark  tbt 
lower  lip  at  the  spots  at  which  they  come  into  contact  with  thacn. 

The  palate  in  front  of  the  intermolar  region  is  transversely  ridgted 
by  folds  of  tbe  mucoas  membrane,  slightly  crenalated  at  their  trm 
backwardly  directed  edges.  These  folds  are  deficient  in  the  middlf 
line ;  and  those  on  one  side  are  not  continuous  with  those  of  tbe  Olte, 
but  with  the  spaces  which  intervene  between  them.  The 
region  and  the  palatal  surface  behind  it  are  smooth,  and  black  i 
of  flesh-coloured,  as  it  is  anteriorly. 

The  tanfiue  is  like  that  in  most  ruminating  animals^  broad  near  ihi 
tip,  then  narrower,  and  again  slightly  broader  opposite  the  int^rmoUr 
eminence.      Its  mucous  membrane  is  covered  with   tivo   kiads  uf 
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papillffi^ — first  the  filiform,  small,  tbick-set,  short  and  blunt  over  the 
anterior  part  of  the  organ,  conical  and  larger  in  the  middle  of  the  in- 
t^rmolar  eminence,  and  secondly  the  fungiform,  disk-shaped  and 
flattened,  scattered  sparaelj  over  the  fore  part^  and  at  the  aides  of  tho 
intermolar  eminence  gradnall  j  enlarging  and  becoming  arranged  in  a 
linear  manner^  converging  as  thej  run  back  to  form  the  circnmvallate 
papillas,  eleven  on  one  side  and  twelve  on  the  other. 

The  salivary  glands  present  no  special  features  of  interest.  The 
tonsils  open  each  bj  an  orifice  sitnated  in  the  middle  of  a  slight 
depression.  The  epiglottis  is  rounded,  with  a  slight  notch  in  the 
middle  line  of  its  contour. 

The  stomach  possesses  much  the  proportions  of  that  of  the  Musk 
{Mo»chis  woschiferm},*  In  the  ninien  perhaps  the  converging  left 
lateral  esBcal  extensions  of  the  upper  and  lower  compartments  are 
slightly  longer.  Tho  villi  are  there  very  close-set,  elongated,  flat- 
tened, and  slender,  with  nearly  parallel  aides,  the  largest  being  slightlj  Page  762. 
spooned  at  their  free  ends.  In  most  parts  they  are  about  a  qiiarter  of 
an  inch  long ;  but  on  the  folds  they  are  much  shorter.  Nowhere  are 
they  absent-  Tbey  are  all  blunt-tipped  and  Klightly  crenulated  along 
their  margins.  No  trace  of  the  special  gland  found  by  Prof,  Flower 
on  the  anterior  wall  of  the  paunch  of  the  ilusk  could  l>e  detected. 
Neither  in  Cervuhs  muntjac  nor  in  0.  reevesi  are  the  villi  of  the  rumen 
flattened,  tbey  being  cylindrical.  The  cells  of  the  retieukim  are  shallow 
and  not  large,  covered  with  minute  papillce  on  their  floors,  and  with  a 
regularly  arranged  row  on  the  t^^p  of  each  cell- wall. 

The  psaUerium  resembles  that  of  the  ordinary  Deer,  and  differs 
from  that  of  Mo^chns  in  that  the  plica;  are  unequal  in  length.  There 
are  thirteen  folds  of  what  may  be  termed  the  first  ix)wcr,  because  they 
are  the  deepest,  between  each  two  of  which  one  of  the  second  power  is 
developed.  On  each  side  of  each  secondary  fold  is  a  tertiary,  about 
a  quarter  of  an  inch  deep;  and,  again,  there  is  a  longitudinal  row  of 
pepill®  on  each  side  of  each  tertiary  fold,  which  may  be  considered  to 
be  a  rudimentary  set  of  the  fourth  power.  Snch  a  psaltennm  may  be 
called  quadrupUcatej  because  folds  are  present  of  four  different  depths. 
The  stomach  of  Moschtts  would  be  simpliciplicate,  were  it  not  that 
there  is  a  row  of  papillie  developed  l>elween  the  plicie  in  some  pai'Ui 
it  is  therefore  duplicate  upon  the  nomenclature  here  suggested. 

The  uhomnJiHm  presents  no  peculiarities. 

The  following  are  the  measurements  of  the  intestines : — 

ft.     in. 

Small  intestine , .      23     2 

Large  intestine 9     8 

CBBCum   .,.,.. •  9  J 

•  Fith  **  Proc«!*dingB  of  the  Zoologic?ttl  Socidy/*  1875,  p,  ItJti. 


386  ON  LOPHOTRAGUS  MICHIANXTS. 

The  colic  coil  was  not  disposed  in  qnite  the  oxdinarj  niannei 
the  pecnlinrity  was  probably  an  individnal  one.  At  its  end  the 
intestine  made  a  complete  transverse  rednplication  before  ti 
forward  from  the  right  iliac  fossa  to  form  its  terminal  and  im 
cnrve  round  to  the  sigmoid  flexnre. 

The  spleen  is  flat  on  one  side,  domed  on  the  other,  and  circnl 

The  liver  is  composed  of  two  nearly  eqnal  lobes,  from  the  ab 
nal  surface  of  the  right  of  which  is  developed  the  triang^la 
laterally  directed  caudal  lobe.  The  Spigelian  lobe  is  only  rad 
tary,  being  represented  by  a  slight  tumefaction  of  the  ▼ertebral  I 
of  the  portal  fissure.     There  is  no  gall-bladder. 

In  the  arteries  of  the  neck  the  arrangement  is  that  found 
Ruminantia  generally,  the  ascending  aorta  giving  origin,  Orst  i 
left  brachial  with  the  corresponding  vertebral,  then  to  the  left  ca 
and  finally  to  the  same  three  vessels  of  the  right  side. 

There  are  thirty-eight  tracheal  rings  above  the  accessory  bro: 
and  nine  below  it,  making  forty-seven  in  all.  In  the  lang 
two  lobes  of  the  left  side  and  the  five  on  the  right  were  fount 
right  lung  being  the  larger.  The  lower  lobe  of  each  lung  is 
paratively  small. 
Pago  763.  The  brain  (figs.  1  and  2)  is  richly  convoluted  for  its  size,  its 
surements,  after  having  been  hardened  in  spirit,  being : — 

in. 

Greatest  length  of  hemispheres 2^f 

Greatest  depth  of  hemispheres    1| 

Greatest  breadth  of  brain 2^^ 

It  is  therefore  somewhat  larger  than  in  Cervus  humih's,  as  ma 
inferred  from  the  measurements  given  by  Professor  Flower*.  ' 
species  it  also  closely  resembles  in  its  convolutions,  as  well  as  ie 
considerable  development  of  the  anterior  lobes.  The  hippocan 
inferior  external,  together  with  superior  and  middle  external  gyri, 
easily  recognizable,  the  sulcus  separating  the  last  two  being  long, 
the  middle  external  gyrus  traversed  in  the  direction  of  its  lengtl 
Page  76k  a  minor  sulcus.  There  is  a  break  in  the  sulcus  which  separates 
middle  and  inferior  external  gyri  a  little  more  than  an  inch  from 
anterior  border  of  the  hemisphere,  which  is  peculiar.  As  in  3fo5 
and  in  Cervtis  hum  ills,  the  calloso-margihal  sulcus  appears  on 
superior  surface  of  the  brain,  allowing  the  hippocampal  gym 
appear  between  it  and  the  middle  line.  In  Cervulus  munijac  the  co 
lutions  are  slightly  less  developed  than  in  Michie's  Deer,  and 


"  ProccedingH  of  the  Z»H)logicjil  Soj'ietT,"  1875,  p.  176,  note. 
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found  in  the  recently  dead  animal  a  deep  smegma-secreting  dcpree- 
sion,  evidently  homologous  with  the  metatarsal  glands  in  most  Cer- 
vidsB.  There  were  no  tufts  of  hair  round  these ;  and  I  cannot  recog- 
nize their  situation  in  the  prepared  specimen  of  the  skin. 

Oenerdl  BemarJcs. 

From  what  has  been  said  above,  it  is  evident  that  the  Lophotragu$ 
michianus  of  Swinhoe  is  the  same  animal  as  the  earlier-named  JSZa- 
phodus  cephahphtu  of  A.  Milne-Edwards,  and  that  it  was  becanae  his 
specimen  was  a  female  in  which  the  sknll  was  wanting,  at  the  same 
time  that  the  figure  given  by  M.  Milne-Edwards  is  from  a  remarkably 
light-coloured  and  red  skin,  that  Mr.  Swinhoe  was  misled  as  to  its 
affinities.  It  seems,  however,  that  the  Ningpo  animal  is  of  a  greyer 
tint  than  that  from  Moupin ;  for  the  description  given  by  Mr.  Michie*, 
namely  that  *'  it  is  a  dark  iron-grey  or  pepper-and-salt  colonr,  like 
some  Scotch  terriers,"  Exactly  applies  to  the  Society's  example,  whilst 
the  Paris  skins  are  all  decidedly  chocolate,  although  differing  in  tint 
among  themselves. 

As  to  the  affinities  of  Elaphodus  cephaJophus^  M.  Milne-Edwardsf 
has  remarked  that  "  it  is  intermediate  between  the  Mnntjacs  and  the 
ordinary  Deer,  in  certain  respects  appearing  even  to  unite  these  ani- 
mals to  Ilydropotea  and  Moschus'* 

That  Moschus  has  any  close  affinities  with  Oervtdus  and  its  allies  is 

extremely  doubtful;    and  a  comparison  of  the  above  description  of 

Page  757.  the  visceral  anatomy  of  Elaphodus  with  the  facts  brought  forward  in 

Prof.  Flower's  important  memoir  on  Moschus  tends  to  confirm  this 

view. 

The  internal  anatomy  of  Hydropotes  is  not  known ;  but  the  absence 
of  any  frontal  tuft,  the  presence  of  an  inflated  auditory  bulla,  together 
with  the  non-ankylosis  of  the  cuneiform  bones  with  the  naviculo-cuboid 
of  the  tarsus,  are  against  its  Cervulino  affinities. 

With  Cervulus  there  is  every  reason  to  believe  that  Elaphodus  is 
most  intimately  related.  The  size  of  the  animal,  the  conformation  of 
the  skull,  the  fusion  of  the  cuneiform  bones  with  the  naviculo-cuboid, 
the  non-development  of  the  metatarsal  tufts,  and  the  presence  of  the 
frontal  crest  are  all  evidences  in  that  direction,  as  is  the  similarity  of 
the  shape  of  the  glans  penis  in  the  two  genera.  It  appears  to  me 
that  Cervulus,  together  with  Elaphodus,  form  a  sub-family  of  the 
Cervidae,  which  might  be  termed  the  Cervulinae  and  bo  defined  as 
follows : — 


♦  "  Proceedings  of  the  Zoological  Societv,"  1874,  p.  453. 
t  Loc.  cU.  p.  353. 
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Cekvulinj:.  Small  CerYidas  in  which  the  "^proportionally  small 
antlei*3  aro  aitnatetl  on  elongated  pedestals,  np  the  front  of  which 
the  lengthy  hair  of  the  crest  which  is  developed  in  the  frontivl 
region  extends.  Females  hoiTiless.  Suborbital  glands  large  in 
both  sexes*  No  metatarsal  tufts.  Canine  tusks  hirge  in  the 
males,  minute  in  the  females.  The  second  and  third  cuneiform 
bones  of  the  tarsus  ankylosed  with  the  navncalo- cuboid.  The 
lateral  metataraals  wanting,  and  the  lateral  metacarpals  present 
only  as  slender  bones  opposite  the  upper  ends  of  the  third  and 
fourth  metacarpals,  or  wanting  altogether. 

Two  genera  are  contained  in  this  subfamily, 

Cervulus,  Cervulinee  in  which  the  pedestals  of  the  antlers  ai*©  di- 
vergent, and  send  downwards  from  their  roots  strong  supra- 
orbital rid  ges^  the  antlers  themselves  diverging  into  a  brow-antler 
and  a  simple  beam.  Cutaneous  glands  developed  on  the  inner 
side  of  each  supraorbital  ridge, 

Elaphodits,  Cervalinie  in  which  the  pedestals  of  the  antlers  are  con- 
vergent and  do  not  send  downwards  siipraorbital  ridges.  Antlers 
minute  and  simple,  scarcely  projecting  beyond  the  much-developed 
frontal  hair- tuft.     Frontal  glands  absent. 


62,  NOTES  ON  THE  VISCERAL  ANATOMY  AND  OSTEO- 
LOGY  OF  THE  RUMINANTS,  WITH  A  SUGGES- 
TION REGARDING  A  METHOD  OF  EXPRESSING 
THE  RELATIONS  OF  SPECIES  BY  MEANS  OF 
FORMULAE.* 

There  is  so  little  known  of  the  differences  in  the  visceral  auafcomy  Page  2. 
of  the  many  genera  and  speciea  of  the  ramiuatitig  animals,  that  I  feel 
that  no  apology  is  necessary  for  bringing  before  this  Society  the  facta 
which  my  proscctonal  opportunities  afford  me  with  reference  to  parts 
which  are  either  too  large  or  too  perishable  to  be  easily  preserved  in 
our  museums.  The  following  **  Notes  "  will  be  found  to  contain  an  Page  3. 
account  of  those  parts  in  certain  species  of  the  CavicomJa  andCervidse 
(such  as  the  stomach,  liver,  generative  organs,  and  brain),  which  are 
subject  to  variation  in  the  different  species  that  I  have  bad  the  oi>por- 
tunity  of  examining. 

•  "  Procoedtngfl  of  tbe  Zoological  Soeifi  j,"  1877,  pp,  2-18.     Rcml,  Jun.  2,  1877. 
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The  stomach  of  the  Rnminantia,  on  acoonnt  of  its  oomplexit^y 
Bents  features  of  special  interest.  As  far  as  the  general  shape 
proportions  of  its  cavities  are  concerned,  my  ohservations  tend  to  fl 
that  the  relative  size  of  the  psalterinm  in  the  different  genera  is 
only  characterizing  feature.  In  the  abomasnm  I  have  not  detected 
variation. 

The  mmen  varies  as  to  the  shape  and  distribution  of  the  Tilli  o: 
mucous  membrane.  In  most  of  the  smaller  species  the  folds  w 
constrict  the  viscus,  as  well  as  the  pouches  between  them,  are  covi 
internally  with  villi,  though  these  are  larger  in  the  latter  sitaati 
In  most  of  the  larger  species  the  villi  are  absent  on  the  folds,  and 
largest  in  the  middle  of  the  pouches.  This  is  specially  the  case  in 
Rnsine  Deer.  In  the  Sheep  and  its  allies  they  are  peculiarly  scattc 
and  broad  at  their  bases,  as  is  also  the  case  in  Moschus.  In  mos 
the  smaller  species  of  the  order  they  are  cylindrical  or  flatte 
cylinders,  as  close-set  as  the  "  pile  "  in  velvet.  In  Poriax  ptcta  ti 
are  very  elaborate,  close-set,  pedunculated  and  foliaceous.  In  Cet 
alfredi  they  are  flattened  and  expanded  apically,  in  other  wo 
tongue-shaped,  as  they  are  in  Cameloparddlis  giraffa.  In  Teiraa 
subqjiadncomutus  all  the  villi  are  flattened,  broad,  and  rounded,  aba 
on  the  folds.  In  Table  I.  column  VIII.  (pp.  392,  8),  further  notes 
the  peculiarities  in  the  rumen  will  be  found. 

The  reticulum  varies  in  the  depth  and  size  of  its  cells,  but  not  to  i 
great  extent.  I  have  not  ever  seen  them  deeper  than  in  Get 
duvaucelU  (^  inch),  or  shallower  than  in  the  Giraffe.  In  some  spe< 
the  cell-walls  are  thicker  than  in  others,  as  may  be  seen  on  refere 
to  Table  I.  column  IX. 

The  psalterium  varies  more  than  any  other  section  of  the  stoma 
and  a  study  of  its  laminae  brings  to  mind  the  septa  of  some  of 
more  elaborate  and  fully  calcified  corals  ;  for,  as  in  them,  the  lam 
are  of  different  lengths,  and  their  arrangement  is  subject  to  defii 
laws. 

This  organ  may  be  defined  as  a  subglobose  dilatation  of  the  up 
wall  of  the  canal  leading  from  the  reticulum  to  the  abomasnm, 
lumen  of  which  is  much  reduced  by  the  development  from  all  but 
lower  wall  of  longitudinal  villous-covered  folds  of  its  mucous  lini 
In  size  it  differs  greatly,  being  very  large  in  the  genus  Bos,  minuti 
Nannofragus  and  CepJialophus. 

Of  the  laminsB  there  are  a  certain  number  (frequently  ten)  c 
definitely  greater  depth  than  any  of  their  neighbours ;  and  these  i 
be  termed  primary  laminae.  Between  each  two  of  these  there 
secondary  laminae  of  smaller  size  ;  and  such  being  the  case,  ninetee 
the  average  number  of  the  two  sets  combined.  When  the  orga: 
more  complex  a  still  shallower  tertiary  lamina  appears  on  each  sid 
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eacli  secondary  one ;  and  there  may  be  quartemary  laminsB  on  each 
side  of  each  tertiary,  on  either  side,  again,  of  which  there  may  be  a  Page  6. 
row  of  papillsB  indicating  the  rudiments  of  laminee  of  a  fifth  power ; 
for,  when  disappearing,  laminee  always  ends  as  rows  of  papillee. 

In  the  case  of  a  transverse  section  of  a  quadruplicate  psalterium 
(in  other  words,  in  one  of  which  there  are  laminae  of  four  powers),  the 
quaternary  folds  being  rudimentary,  imagine  it  to  be  cut  through 
longitudinally  along  the  middle  of  its  groove,  and  opened  out  in  such 
a  way  that  the  outer  wall  forms  a  straight  line,  whilst  the  laminsB 
depend  from  it;   then  the  appearance  will  be  that  of  fig.  1.     This 


b 

■1'  IIM'I 


'  I'l'l'lMMM'IM'iM'I'I'I'I'I'I'I'I'I'I'I'i  'I'l'I'i'l'ITi'lM 'I' 


ITITi'p' 


KgX 


T^ 


B^ 


%^ 


Diagram  of  transyerse  sections  of  psalterium. 
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being  from  an  actual  specimen,  there  is  a  slight  want  of  uniformity  at 
b  and  c,  which  is  usually  found  to  be  the  case.  The  laminee  of  each 
cycle,  or  power,  gradually  dimim'sh  in  size  laterally ;  and  it  will  be 
noticed  that,  though  the  organ  is  quadruplicate  where  the  folds  are 
relatively  largest,  the  smallest  laminae  disappear  at  the  sides.  This 
is  nearly  always  the  case,  as  it  is  also  that  near  the  orifice  of 
communication  with  the  reticulum  they  are  stronger  than  they  are 
further  on. 

In  different  genera  the  relative  depths  of  the  laminae  which  con- 
stitute the  separate  cycles  is  not  always  the  same.  The  arrangement 
depicted  above  is  the  most  usual,  in  which  the  secondary  folds  are 
about  two  thirds  the  size  of  the  primary,  a  similar  difference  existing 
between  them  and  the  tertiary,  and  so  on. 

Fig.  4  is  from  the  psalterium  of  Oazella  ardhica,  in  which,  though 
the  disposition  is  triplicate,  it  is  seen  that  the  secondary  laminae  are 
very  little  larger  than  the  papillary  rows  which  form  the  tertiary 
cycle,  the  primary  laminae  being  of  considerable  depth.  The  structure 
in  Cephalophus  is  the  same,  only  that,  the  psalterium  being  much 
smaller,  all  the  parts  arc  much  reduced  in  size,  the  lateral  laminae 
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Table  I. 


I. 

Name. 


II. 
0«U-bladder. 


UI. 
CandateLobe. 


IV. 
Spigelian  Ix>be. 


V. 
Deplhcl 

UmUlkri 


Cervut  elaphui    

caMhmeerianui.. 


-  ariitotdis 

-  titinkoii    .. 
-kuklii    


-  tnolvccenti* . 

-  mariannut  . 

-  duvauctUi    . 


poremui 

al/redi  ... 


——  caprrolut 

Cenmlut  muntjac    

— -  rtfteai    , 

Kliiphodu*  eephalophut 

CfTCUB  pwlu, 

camj>€*tri4    


-  rvfus    

-  iiiexicanut 


Camelopariialit  girt{ffd  .. 

JUoschM  motchiferut  

Antilttcapra  aimncano .. 

(h'i»  cycloccros 

Vapra  pictn  

—  jrinlaica 

O'ltzfUa  lOn-cas 

grnnti    

suhtfutturojta  


MVfcntrnnis  . 

rvjl/rons  .... 

nrabica 


Absent. 


Absent. 
Absent. 


Absent. 

Absent. 

Absent. 

Absent. 
Absent. 
Absent. 

Absent. 

Absent. 

Absent. 

Absent. 

Absent. 

Absent. 
I  Absent. 
'  Absent. 

Absent. 
I  Absent. 

Absent. 

In  fossa. 
I  In  fossa. 
'  Very  elongate. 
I  Very  elonjjrate. 

Very  elongate. 
I  In  fo8^a. 

In  fosaa. 
i  In  fosMU 

I  In  fotwa. 

In  fof^sa. 

I  In  fossa. 


I 

JktinnotragMtniffi'icaudatut   Present. 


Cephalophui  maxtreUi 
pi/ffmmi»  


Tdraccros  subfjuadrtcomut u»., 

Strepsicerot  kudtt    

Oreim  cantm 

Tra{/ilajifiU)i  scriptus 


Dn  malis  putja  rga 
Catoblepo*  i/nu     .. 


Absent. 
Absent. 


Lateral  in  yofong; 
smallin  adult. 

AlmmtnU.' 


Square. 

Large,  square. 

Square. 

Squarish. 

Square. 

Square. 

Lateral. 

Large,  square. 

Lateral. 
Lateral. 

Small,  lateral. 

Lateral. 

Lateral. 

Squarish. 
Lateral. 

Absent. 
Small,  lateral. 
Very  small,  latcraL 
Lateral. 
Short,  lateral. 
Shcrt,  lateral. 
Small,  lateral. 
Small,  lateral. 
Small,  lateral. 

Small,  lateral. 
Small,  lateral. 
Small,  lateral. 

Budimeiitary. 

Short. 
Short. 


Addax  nnM-inaculatus ., 
Portax  picta 


Present,    as    is  !  Absent. 

cystic  fiifsure.  ^ 
Klonj^ate. 
Prcsmt. 
Elongate. 


Present. 
Elongate. 

Very  elongate. 


,  Present. 


Lateral. 
Lateral. 
Small,  lateral. 


OTiform  In  one,  rasl- 

fonn  In  another. 
Busiform. 

Absent. 

Ovifom. 

Absent. 

Budform. 

An  OTiform  radlment. 

OTifonn,  Bniali  (jut.). 

OTiform  and  ercTted. 
Budimcntary. 

OTiform  rudiment. 

Absent. 

Absent   or   mdlmen- 

Ury. 
Abeent. 
Absent  or   rndlmcn- 

tary. 
Absent. 

Large,  nulfbnn. 
Rusiform. 
OvKorm. 
Oviform. 
Oviform. 
AbMnt. 

Small,  rusiform. 
Oviform,  or  absent. 

Absent. 

KucUmentary. 

Oviform. 


Modified,  nisiform. 

Modified,  rusiform. 

Modified,  or  absent. 

Absent. 

Rudimentary. 

Oviform. 

Absent. 

Enormous,  rusiform. 
Oviform. 
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Table  I. 


Page  6. 


Length  of  Csecum  and 
Sex  of  specimen. 


VII. 
Intestinal  lengths. 


VIII. 
PapillflB  of  Rumen. 


IX. 


Cells  of 
Beticolam. 


X. 

Fsalteriam. 


lift.    9,  adult. 
i\  aduit!  * 


Uft 

5  in. 

Uin. 
10  in. 
1ft. 

Tin. 

10  in. 

10  in. 

Tin. 
9|in. 


S ,  nearly  adult. 

e ,  adult. 

<; ,  adult. 

i ,  new-born. 
$ ,  adult. 
9,  aged. 

i  t  a  year  old. 

<; ,  adult. 

<; ,  adult. 

<; ,  adult, 
d ,  not  adult. 


6  in.     <;. 


11  in. 
6iin. 


9,  adolt. 


2iVft.  9,  adult. 

ii'ftV 

li'h. 


9 ,  adult. 
6 ,  adult. 


lift. 
81  in. 
8|in. 

5|in. 


d,  adult. 

9. 

<J. 

<J. 


Tin.  i. 

Sin.  6. 

6  in.  6t  adidt. 

6  in.  9- 

21  ft.  <;,  adult. 

8  in.  <; ,  adult. 

10  in.  9. 
lift. 

1ft.  6  in.    ^,aged. 

lift.  9,  adult. 


S.I.  42  ft.  L.I.  30|  ft. 


S.I.  48\  ft.  L.L  251  ft. 

S.I.  291  ft.  L.I.  10  ft. 

S.I.  m  ft.  L.I.  3|  ft. 

S.I.  39\  ft.  L.I.  15  ft. 
S.I.  45  ft.  L.I.  25|  ft. 

S.I.  25|  ft.  L.I.  I3|  ft. 

S.L  34  ft.  L.I.  18  ft. 

S.I.  31t  ft.  L.I.  I5|  ft. 

S.I.  18|  ft.  L.I.  8i  ft. 

S.l.  23i  ft.  L.I.  9|  ft. 

S.L  242  'C-  L.I.  9|ft. 

S.I.  28|  ft.  L.I.  161  ft. 

S.I.  29}  ft.  L.L  9|  ft. 

S.I.  196  ft.  L.I.  T5  ft. 


S.I.  45|  ft.  L.I.  19  ft. 

S.L45|ft.  L.L19ft. 
S.I.  4,'ik  ft.  L.I.  151  ft. 
S.l.  36i  in.  L.I.  lU  ft. 

S.I.  19  ft.  L.L  9^  ft. 


S.I.  16|  ft.  L.L  11  ft. 

S.I.  21|  ft.  L.I.  9}  ft. 
S.I.  20*  ft.  L.I.  9|  ft. 
S.I.  20i  ft.  L.I.  9}  ft. 

8.1.  108  ft.  L.I.  T8  ft. 
S.I.  26 i  ft.  L.I.  16  ft. 

6.1.  42i  ft.  L.L  ITA  ft. 
Total   length  of  intes- 
tines 118|ft. 
S.l.  531  ft.  L.1.  29i  ft. 


S.I.  821  ft.  L.I.  42  ft. 


Cylindroid,  elon- 
gate, flattened. 

Cylindrical,  except 
longest  (1  in.), 
flattened  and  ex- 
panded. 

Cylindroid. 

Cylindroid,  slightly 

flattened. 
Cylindroid,  slighUy 

flattened. 


Cylindroid  and 
tongue-shaped. 

Slender,  small, 

cylindroid. 

Some  large  and 
tongue-shaped. 

Cylindrical. 

Cylindrical. 


Cylindrical         and 
slightly  flattened. 
Cylindrical. 
Short,  flattened. 


Small,  BlighUy 

flattened. 


Uniformly  short 
and  a  little  flat- 
tened. 

Mostly  cylindrical, 
some  tongue- 

shaped. 

Cylindrical  and 
short. 

Cylindrical  and 
short. 

All  flattened. 


All    flattened    and 

tongue-shaped. 
Sparse,  flattened. 


Mostly  elongated, 
cylindrical,  some 
foUaceous. 

Large  and  foliated. 


Not  deep. 
Shaiiow.'" 


Brood-walled. 
Broad-walled. 


Deep,  I  inch. 
Broad-walled. 
Fairly  deep. 
Very  shallow. 

Very  shallow. 
Very  shallow. 


Shallow. 

Fair  depth. 
Fair  depth. 

Fair  depth. 
Shallow. 

Fair  depth. 

Shallow. 

Well  dereloped. 


Quadruplicate,  13. 

Quadruplicate,  10. 
TripUcate. 

Quadruplicate,  10. 
Quinquiplicate,  12. 
Quadruplicate,  9. 
Quadruplicate,  10. 
Quadruplicate. 
Quadruplicate. 
Quadruplicate,  10. 
Quadruplicate. 
TripUeate^  10. 

Triplicate,  10. 

QuadrupHcaUf  9. 
Quadruplicate,  11. 

QuadruplieaU,  18. 
jyuplieaU,  19. 

(iitinqvAplicaU,  9. 


TnplicaU,  10. 

THplieaU, 

DuplicaU,  9. 

DuplieaU,  10. 
THpUeaU,  10. 
TripUcate,  10. 

QwtdruplicaU,  9. 
QuadrupliceUi,  16. 

QuiOdruplicaU,  16. 

Quinquij^icaU,  10. 
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efipeciallj  so*     In  Nannotragris  nhjncaiidatus  the  eqaaJljr 
rimn  is  even  more  simple,  there  being  but  six   primary 
depth ;   and    these   are   covered   with   pecnliarly    la 
papilla?,  three  more  being  evidently  their  lateral  honioi 
reduced  to  papillary  rows.     The  conditions  are  represent 
{CepJialophui)  and  3  {Nannotraijus). 
P»ge  7.        The   psalterinm   of    Moschis   moschiferus    diflfers 

any  other  witb  wbich  I  am  acquainted.  Prof.  Flow 
described  and  figured  it*,  at  the  same  time  that  he  has 
how  mnch  the  specimen  in  the  Museum  of  the  College  of 
differs  from  that  the  account  of  which  is  given  by 
Flower  has  kindly  permitted  me  to  examine  the 
nineteen  plicie  all  belong  to  the  primary  cycle  withoat  doubl 
this  number  is  that  of  the  primary  together  with  the  second 
in  most  ruminants  of  the  same  size,  it  appears  to  me  that  th 
liarity  consists  in  the  exaggerated  development  (to  the  su 
primary)  of  the  second  cycle.  These  lamince  are  also  pecnlii 
to  one  another  at  their  lines  of  attachment,  which  is  farth 
of  this  view.  Between  some  of  the  folds  I  have  del 
papUloe ;  but  their  pi'cscnce  is  the  exception,  not  the  rule. 

Where  the  psalterinm  is  large  it  is  sometimes  fonnd 
tndinal  rows  of  papillary  lines  are  present  at  intem^la  on 
folds,  and  even  tlie  8eoi:>iidary  lamina?.     These  are  Teiry  ooj 
Portan;  pichi. 

In  some  quadruplicate  and  in  all  quinqaiplicate  psalterii 
of  smallest  lamina)  are  nothing  more  than  rows  of  paptlliB« 
qnadmplicate  psalteria  the  cycles  of  the  fourth  power  are  devi 
true  folds  without  any  ultimate  lines  of  papillee.     Whether 
is  the  case  is  indicated  in  Table  I.  (p.  393)  by  the  descripti 
column  X.,  whatever  the  power,  being  printed  in  roman 
italics.     When  in  italics  the  laminie  of  the  highest  po 
represented  by  papillary  rows. 


The  fiver  is  always  simple  and  small,  being  situated  air 
on  the  right   side  of  the  median  line.     The  umbilical   Hb 
extends  more  than  one  half  through  the  organ,  generally  j 
lateral  fissures  never  exist. 

The  gall-bladder  is  absent  in  aU  the  Cervid8&»  accor 
observations,  and  ld  the  genus  CephaJophus  among  the  Bov^id 

The  caudate  lobe  is  very  variable  in  size,  and  is  freqaeni 
in  adult  than  in  young  individnals.     In  most  species  it 


•  *'  Pix>cM3editif{»  ol  the  Zoological  Society,"  1875,  p.  1701 

t  '*  SpicLlt^gis  Zoologioar  fMo.  xlil  ^1779). 
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Livers  of  varions  Bnminants. 


Page  8. 


Fig.  5.  Odis  ariet. 


Fig.  6.  Cephalophui  maxwelli. 


Fig.  7.  DamalU  pygarga. 


Fig.  8.  Nannoirag¥S  nigricaudatut. 


Fig.  9.  Tetr<ieero9  mhquadricornutut. 


Fig.  10.  Cervu*  mexieanus. 


Fig.  11.  Cermu  nnnkoii. 


Fig.  12.  Cervut  dnvaueeUi. 
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slender,  and  lateral,  forming  little  more  than  an  inoomplete  cap  to 
the   right  kidney ;    in  some  it  is  quadrate  from  the  development 

veutrallj  of  its  basal  portion. 

The  Spigelian  lobe  is  frequently  entirely  absent,  as  such.  When 
present  it  is  a  development  of  the  median  portion  of  the  posterior 
margin  of  the  portal  fissare,  extending  so  as  to  overlap  it.  When  iti 
base  is  broad,  as  in  the  Sheep,  it  may  be  termed  oviform ;  when  it  is 
peduncalate,  as  is  generally  the  case  in  the  genus  Rusay  it  may  be 
termed  rusiform. 

Variations  of  slight  degree  are  found  in  iAdividoals  of  the  same 
species.  From  Table  I.  (p.  392)  the  peculiarities  of  the  different 
varying  parts  of  the  organ  in  the  specimens  which  I  have  had  the 
opportunity  of  examining  may  be  determined  (columns  JI.  to  Y.). 
Page  9.  The  generative  organs  of  the  Buminantia  present  many  features  of 
interest  bearing  on  classification.  These  are  mainly  to  be  found  in 
the  shape  of  the  glans  penis,  the  development  of  Cowper's  glands,  and 
the  number  of  cotyledons  in  the  placenta. 

The  glans  penis  is  very  different  in  shape  in  the  varions  genera  of 
the  OvidsB  as  well  as  of  the  Cervideo.  In  all  it  is  the  case  that  the  ter- 
minal portion  of  the  urethra  is  extremely  small  in  calibre.  Figs.  13-15 
(p.  39/)  give  views  of  the  lateral,  anterior,  and  inferior  surfaces  of  the 
organ  in  Cervus  cashmeerianus^  with  which  the  following  species  agree 
in  structure — G.  elaphus^  C.  dama^  C.  arUtotelis^  C,  moluccetms,  C. 
kuhlxif  C.  alfredi,  and  C.  porciniis.  In  them  the  glans  constitutes  a 
cylinder,  slightly  flattened  from  side  to  side,  about  one  fourth  as  deep 
as  it  is  long,  measured  from  the  preputial  reflection.  Its  extremity 
is  obtuse,  vertically  grooved,  and  slightly  flattened,  the  orifice  of  the 
urethra  appearing  on  the  apex  of  a  simple  blunt  cone  about  one  sixth 
of  an  iuch  in  height,  the  base  of  which  is  slightly  included  in  the  lower 
terniination  of  the  apical  vertical  fold,  near  it4s  lower  or  frsenal  margin. 

In  Cervus  inejaicauus,  Cpudu,  and  C.  campestris  the  arrangement  is 
somewhat  different,  the  vertical  groove  being  absent,  the  termination 
of  the  glans  being  a  blunt  cone,  with  the  urethral  orifice  at  its  apex,  as 
is  seen  in  fig.  10  (p.  397). 

In  Capreolns  caprea,  Cervulus  niuntjac,  and  Elaphodus  cephalophui 
the  glans  is  peculiarly  long  and  slender,  at  the  same  time  that  it  is 
nearly  cylindrical,  with  a  rounded  apex,  at  the  lower  part  of  which 
the  urethra  opens  by  a  simple  orifice.  This  is  seen  in  fig.  1 7  (p.  31)7) 
taken  from  the  Koebuck.     In  Tragelaphus  scriptm  it  is  the  same. 

In  JJos  taurus  the  glans  is  elongated,  forming  an  irregular  cylinder, 

smoothly  rounded  at  the  apex,  the  urethra  (which  has  no  free  terminal 

extension)  opening  below  it  at  a  little  distance  from  the  extremity  in 

a  downward  direction.     This  is  seen  in  fig.  19  (p.  397). 

Page  10,        In  the  Sheep  the  apex  is  somewhat  enlarged,  but  not  uniformly  sts 
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<nb*?vrM.  rK&rn#)  ii  the  ame;  as  ii  that  of  CtpkaJUfpkmB  (fig.  20) 
(marmHi  zn^pypm-rmt),  cxoept  tlm  it  ii  Bore  gymiueitioJL     In  ^dioz 


F^.  90.  CepUUphms 


nofo-marvIahLf  An  Almost  identical  condition  obtains  ;  the  g^lmns,  how- 
Pmv  II.  erer.  is  nearij  regnlftr  in  shape  and  crHndroid,  whilst  the  free  filiform 
orethra,  an  inch  in  length,   turns  upwards    round    it   to   the  left 
rfig.  18,  p.  397). 

In  the  other  CaTicomia  the  glans  penis  is  different.  In  ^amio- 
tragut  (ni^rieaudatw)  it  does  not  in  the  least  reeemble  that  of 
CepKalophu*  ;  for  it  forms  a  slender,  elongated,  tapering  oone,  beyond 
which  the  nrethra,  which  is  free  from  it  for  the  terminal  ^  of  an  ineb, 
continues  straight  on  for  |^  of  an  inch  (fig.  21).    TrageLapkug  (teripifu) 


Fig.  2L  yammoir4Mffiu  migrieamdatug, 

differs  but  little  from  this,  except  that  the  free  portion  of  the  nrethrs 
is  wanting,  and  the  end  of  it  slightly  tnmed  apwards ;  and  in  Damalis 
(py(f<ir(ja)  (fig.  22)  the  arrangement  resembles  that  of  Tragelaphta, 


Fig.  22.  DamalU  p^parga.     ' 

except  that  the  whole  glans  is  shorter  and  thicker,  at  the  same  time 
that  it  is  flattened  from  side  to  side.  According  to  Dr.  Mnrie*8 
account  of  the  Prongbuck*  (Antilocapra  americand)  and  the  Saigaf 
(Saiga  tartar ica)  the  glans  in  these  two  animals  differs  from  that  in 
any  of  those  above  described,  whilst  from  Pallas's  account  of  the  Musk 


•  "  Proceedings  of  the  Zoological  Societj,"  1870,  p.  352, 
t  "  Proceedings  of  the  Zoological  Society/'  1870,  p.  485. 
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j[Mo8ckus  inmchiferm)*  its  penia  is  apparently  ovine,  as  that  of  tho 
ftffe  (Camel opardalu  giraffa)  (fig.  23). 


Fig.  23.  Camelopardalis  ^raffa. 

Cowper'fl  glands  are  present,  according  to  mj  observation,  in  Cer^ 
munijac  and  OerpuM  mexictmu^ ;  and  I  have  noted  that  they  are 

11  in  O.  alfredi.      Their  aljsence  I  have  recorded  in  C,  ehiphiis, 

dawa^  C.  eashm^erianugf  0.  arisfofeUs^  0.  moJuecens^iiij  C  porcinuSf 

kuhUi^  and  0.  camjjestria.     Prof.  Flower  found  them  in  0.  pudu.     1 

ave  seen  them  also  in  all  species  of  0ms,  Copra,  and  Qazella  exa- 

aed^aa  well  as  in  Cephalophm  (nmzwelH  and  pyfjnuTm),  Nannotragw^  ^^°  12- 

(ntgricandatm),  TrageJaphu^  igcnpfm%  Damalw  (alhifronii)^  and  Add(Ui 

(fiaso^niactdatus).     According  to  Dr.  Murie   they  exist  in  the  Prong- 

ilmck  and  Saiga ;  in  Moschus  accord tng  to  Pallas,  and  in  the  Gira£Fe 

according  to  Prof.  Owen.f 

In  the  uterua  of  the  Cotyledontophora  it  is  well  known  that  there 
are  papillifomi  developments  of  the  inner  walla  which  serve  for  the 
attachment  of  the  cotyledons  in  the  impregnated  organ.  Although 
it  has  not  been  actually  proved,  so  far  as  I  am  aware,  by  direct  evi- 
dence that  the  cotyledonary  papillae  and  the  cotyledons  are  exactly 
the  same  in  number  in  each  individaalj  yet  there  is  every  reason  to 
believe  that  it  is  so.  On  this  assnraption  I  take  the  number  of  these 
papillffi  as  an  index  of  the  nature  of  the  placenta  itself,  this  being  so 
difficult  to  obtain  on  account  of  the  universal  habit  among  the  females 
to  eat  it  immediately  it  is  expelled,  parturition  generally  occurring  at 
night-time. 

The  following  Table  contains  a  statement  of  the  number  of  papillea 
or  cotyledons  (as  the  case  may  have  been)  which  I  have  found,  together 
with  those  made  by  Prof.  Turner  on  the  same  subject.}  From  it  I 
feel  justified  in  deducing  the  law  that  the  cotyledons  are  few  in 
the  Cervida?,  numerous  in  the  Bovida? — at  the  same  time  that  I  would 
suggest  the  name  Oligocotti'LEDONTOPHORA  for  the  former,  and  Poly- 
COTYLEDONTOPHOBA  for  tlic  latter. 


•  **  Bpieilegm  Zoologicti,**  fwc.  %\u 

f  **  TrftniactionB  of  tho  Zoological  Socipf  t»"  toI.  II.  p.  240. 

J  •'  Comp.  Aimt.  of  PliioeiitJi,"  1675,  p.  Wi. 
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Tablk  II. 


Name. 

Autlioritj» 

Number  of 
Cotyledons. 

Numl 

Cerous  elapkus 

duvaucelli 

Turner  ft  A.  H.  a. 
A.H.a. 

» 

» 

Biscboff. 
Turner. 

A.  H.  Qt. 

Owen. 

A.  H.  O. 

Spec.    No.  2765  in 

B.  0.  8.  Museum, 

and  Catalogue  de- 

acription. 

12<»r& 
9, 8  large  and  1  smalL 

2  fcBtus,  with  8  coty- 
ledons in  one  oomu 
and  5  in  the  other. 
5  or  6. 
60  to  100. 
60  to  100. 

4  in  each 

5  in  one  < 

Hydropotes  inemUs  . . 

Capreolus  caprea 

Orif  arie» 

in  the  < 

Bo9  taurus 

Damalh  pygarga 

Camelopardalis  giraffa 
Mupicapra  tragus  .... 
Rangifer  tarandus. . . . 

Veiyn 
4  in  one 

180  large  and  small. 
AsinOviff. 

OsteologicaJlj,  among  the  CervicUB,  the  skull  presents  fc 
which  correspond  in  great  measure  with  their  geographical  distrih 
and,  dentally,  the  pecaliarities  of  the  third  lower  premolar  an 
Page  13.  instructive.  The  consideration  of  these  latter  I  hope  to  be  a 
bring  before  the  Society  on  a  future  occasion,  when  my  materi 
become  more  abundant. 

In  all  Old- World  Cervidae  examined  by  me,  with  the  exeepti 
the  Reindeer,  the  vomer  is  not  so  much  ossified  as  to  divide  the 
terior  osseous  nares  into  two  distinct  orifices,  whilst  in  Ba 
tarandus  and  all  the  New- World  Deer,  excepting  Alces  tnachli 
Cervus  canadensis^  it  is  so.  I  have  seen  most  of  the  skulls  of  the 
which  are  to  be  found  in  the  superb  osteological  collection  c 
British  Museum ;  and  it  is  upon  the  study  of  them  that  this  g« 
lization  is  based.  In  the  following  species  the  vomer  is  comp 
ossified  behind,  so  as  to  separate  off  the  two  posterior  nares  i 
macerated  skull : 


Cervus  piidit. 

campestris, 

cohnnhianus, 

leucurus. 


Cerxms  lencotis. 

antistefisis. 

virginianus, 

mexicanus. 


Neither  in  Alces  machlis  nor  in  Gerviis  canadensis  is  the  von: 
extended  posteriorly.  The  condition  described  is  represented  in  fij 
which  is  from  the  skull  of  Cervus  virginianus. 

In  his  ^'  Catalogue  of  Ruminant  Animals  in  the  British  Mus< 
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Dr.  Gray  lays  consulerable  stress  upon  the  decree  of  develop  me  tit  of 
the  nasal  processes  of  the  preraaxillary  bones,  wlietber  or  aot  thcj 


%.?m 


t 


Fig»  S^L  Base  of  skiill  of  Cenmt  mrgiwianus. 

Pineet  the  nasals.  In  Bangifer  iarandus  they  do  not  do  so,  the  gap 
being  filled  up  by  the  appearance,  sapcrficially,  of  porttona  of  the  Page  l  i. 
nasal  ttirbinaU  Thk  m  also  the  case  in  Certms  ^mhi  and  C  colum- 
hitimts.  In  0.  Imicurus  the  nosal  processes  of  the  pnomaxLllflB  are  also 
very  short,  and  they  therefore  do  not  join  the  nasal  bones ;  nor  do 
they  in  C.  campeMris^  nor^  generally,  in  0.  rufus^  and  only  just  in  O. 
mrginianiis.  They  do  join  the  nasals  in  (L  leumtU  and  C.  aniisienMs^ 
In  Aires  machlU^  on  account  of  the  extreme  shortness  of  the  nasal 
bones,  the  premaxillary  processes  do  not  meet  them;  but  in  all  tho 
Old- World  Cervida}  the  line  of  janetion  of  the  two  is  considemblei 
except  in  Elnphodiis  cephalophiis  nnd  Cei'^ulus  reevem. 

In  all  the  American  Cervidie  and  in  tbe  Reindeer  the  Soor  of  the 
posterior  osseous  nares  is  prolonged  backwards  more  than  in  their  Old- 
World  allies,  fi'om  the  extenHioti  backwards  of  the  palatine  plates  of 
the  palatal  bones.  In  Cervuhis  there  fa  a  tendency  to  this  condition, 
but  not  in  any  other  Old-World  genus. 

In  his  invaluable  paper*  **  On  the  Evidences  of  Affinity  afforded 
by  the  Skall  in  the  Ungulate  Mamjualiaj"  Mr.  H.  N,  Turner  remarks: 
— **  I  have  noticed  tkat  in  the  Moschidte  lEifonwsckust  Traguhuy  and 


•  "  FiKXMMjdingf  of  the  Zoological  Society,"  1849,  p.  152. 
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Moschus"]  the  Btyloid  process  [tympano-byal]  becomes  free  almost  im- 
mediately at  the  base  of  the  auditory  process,  while  in  the  BovidA,  or 
Cavicom  Ruminants,  it  is  enclosed,  more  or  leas  completely,  for  some 
distance  in  the  downward  and  forward  direction."  And  in  all  the 
Cavicomia  which  I  have  examined,  the  tympano-hyal  bone  is  sitnated 
on  the  enter  side  of  the  petrosal ;  whilst  in  many  of  tlie  Cerridad  it  is 
posterior,  between  the  petrosal  of  the  temporal  and  the  paramastoid  of 
the  occipital  bone.  In  Cervus  porcintu  and  Axis  maeuUitdy  howev^*, 
the  expanded  auditory  bulla  insinuates  itself  from  the  inner  side, 
between  the  tympano-hyal  and  the  paroccipital  process,  as  in  the 
Cavicomia.  Neither  in  any  of  the  American  Gervidce,  except  C 
Jeucotis,  nor  in  Bang  if er  turanduSj  Alce$  machlis^  Capreolus  caprea, 
Cervus  dama,  nor  in  the  genera  Cervulus  and  Elaphodus^  does  it 
do  so. 

In  the  other  Deer  (Elaphine,  Rusine,  and  their  allies),  including 
Elaphurus  davidianus  and  0.  leticoiisy  there  is  a  small  process  of  the 
petrosal,  incomparably  less  than  in  the  Cavicomia,  which,  from  the 
inner  side,  partially  or  just  removes  the  tympano-hyal  from  the  par- 
occipital  (as  seen  without  damage  to  the  skull).  This  is  well  maii»d 
in  Tlydropotes  inermis;  and  Moschiis  moschiferus  is  peculiar,  in  that 
from  the  outer  side  a  process  is  sent  inwards  to  join  the  other,  and  so 
completely  to  encircle  the  tympano-hyal  with  a  ring  of  bone  in  a  veiy 
suspiciously  Cavicom  manner.  The  Giraffe,  in  this  respect^  mndi 
resembles  Moschus, 

It  is  worthy  of  note  that  in  Cervns  antisiensis  the  median  incisors 
are  not  triangular,  in  which  respect  it  agrees  with  Bnngifer  and 
Mosch  us  and  differs  from  the  Cervida?  generally.  In  O.  Jeucotis  they 
are  so.  In  C.  piuhiy  as  in  Ifoschus,  the  Giraffe,  and  many  Cavicomia, 
there  is  only  one  submental  foramen  on  each  side — not  two,  as  in  by 
far  the  majority  of  the  Deer. 

The  peculiar  way  in  which,  on  each  side,  the  palatal  surface  of  the 
Page  15.  interval  l)et\vccn  the  canine  tooth  and  the  first  premolar  is  cut  away  in 
all  the  true  Ruminantia,  and  not  in  the  Tragulidflp,  is  interesting  as  a 
separating  feature.  In  the  Cervidae  there  is  a  difference  from  the 
Cavicomia  in  the  arrangement  of  the  region  just  in  front  of  this.  In 
the  Sheep  and  its  allies  the  median  palatal  process  of  each  premaxillary 
hone  extends  back  in  the  palatal  region  between  the  maxilla?  for  some 
distance  behind  the  most  anterior  portion  of  the  facial  surface  of  the 
maxillary  bone,  broadening  as  they  go  backwards  for  some  distance, 
and  then  narrowing  to  a  point  somewhat  abruptly.  In  no  Deer  which 
carries  antlers  have  I  found  this  arrangement,  the  median  palatal  pro- 
cesses of  the  pra»maxilla?  in  them  being  always  slender  (sometimes 
only  incompletely  developed),  of  uniform  breadth,  and  tcrminatinjr 
posteriorly  at  a  point  scarcely  behind  the  line  which  joins  the  canine 
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Dth.     Botli  Maschi^  imfschijeru3  and  Hf/dropoies  inermtB  agree  witti 
lOoui  in  til  is  respect,  aa  does  the  Giraffe, 

Again,  in  the  squamosal  of  the  temporal  there  is  a  feature  of  value 

the  separation  of  the  two  major  divisions  of  the  typical  Rnniinantia. 

the  CervidsB  this  bone  is  deeper  from  above  downwards  than  in 

lie  Bovida? ;  in  other  words,  the  parieto-aqnaraosal  suture  is  situated 

nearer  the  npper  border  of  the  temporal  fossa  (more  than  halfway 

inp   it)    in  the   former   group,  the  general  proportions  produced   by 

iwhich  are  more  easily  recognized  by  inspection  than  from  doscrip- 

ition.     The  sqmynosal  of  Moschn^  is  oviform^  that  of  Camehpardalis 

ciiermediate. 


^ 


Whilst  comparing  the  slculls  of  the  Cervidte  which  I  have  examined, 
the  antlers  have  natmrnlly  attracted  my  attention;  and  many  of  their 
peculiarities  seem  t-o  me  to  be  subject  to  definite  laws* 

What  may  be  called  tJie  typical  antler  is  composed  of  a  bifurcate 

m,  with  a  brow  antler  springing  from  the  front  of  its  basal  portion* 
These  three  parts  may  he  termed  A,  B,  and  C,  as  in  the  accompanying' 
diagTam  (see  p-  404).  They  occur,  nncomplicateol,  in  the  genus  i?M«o, 
in  C^pormiuSf  C  (wjiW,  and  0,  alfredi  (fig*  25.  1). 

On  the  assumption  that  most  of  the  complicated  many-pointed 
imHers  that  occur  are  the  result  of  the  exaggerated  development  of 
one  or  other  or  both  of  the  extremities  B  and  C,  their  special  features 
may  be  explained.  For  instance,  imagine  that  both  B  and  C  bifur- 
cate, remaining  of  equal  size,  and  we  arrive  at  the  condition  found  in 
Oervus  gchomhurgJci  (fig*  25.  2).  0.  duiyaucdU  differs  in  that  B  is 
extra-developed  at  the  expense  of  C  (Sg*  25-  3),  the  latter  often  being 
not  bifurciite,  though  soraetimes  so  to  a  small  extent.  Following  out 
the  ingenious  hypothesis  of  Mr.  Blyth*,  C,  ehli  only  differs  in  the 
Btill  greater  development  of  the  anterior  of  the  branches  of  B  (fig. 
25.  4).  With  this  last-named  form  0.  virgimantta  and  C.  mexkanus 
agree,  as  does  Hungifer  taranduSf  as  far  ai^  its  beam-branches  are 
cx^ncemed. 

In  CervuK  duma,  and  in  the  species  included  in  the  genna  PseudcLtia 
by  Dr.  Gray  {€.  sihij  taevantt^^  and  mmdcliuricuig)^  a  diflereut  con- 
dition maintains,  B  being  reduced  greatly  and  C  correspondingly 
enlarged  (fig.  25.  5).  In  the  Elaphine  Deer  this  is  carried  further,  Pttgp  IG. 
the  continuation  of  the  beam  C  being  divided  terminally  into  many 
points  (fig.  25.  6)  in  V,  eJitphus^  G*  canadengis^  0.  maml,  and  C.  cash^ 
meerianiis.  According  to  Mr.  Blyth,  f\  siha  "  belongs  strictly  to  the 
Elaphine,  and  not  to  the  Axtne,  group **t  of  Deer;  and  the  conforma- 

Pmrcx^ilngR  <(f  ihe  Zoologiml  Socieir/'  1S67|  p.  835, 

J.  A.  s.  B.;'  liii.  p.  no. 


t  ''J.  A.  S.  B.;'  liii.  p. 
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tion  of  its  lionis  is  decidedly  in  fATonr  of  this  view.     Nerertheless  it 
must  be  noted  that  in  its  ally,  (7.  mantekuneug,  and  in  C.  kop9eki 


4  S  • 

Fig.  25.  Biagnm  of  tjpet  of  Aotlen. 

(Swinhoe) — I  cannot  find  a  sknll  of  C.  Ma  in  any  mnsenui  for  com- 
parison— the  auditory  bulla  is  considerably  inflated,  as  in  (7.  poreinut 
and  C.  axis.  This  feature  is  not,  however,  of  particular  importance^ 
as  C.  virginianus  in  this  respect  differs  £rom  most  of  the  American 
CervidflP,  possessing  a  very  inflated  bulla. 

With  reference  to  the  brow-antler  (A),  it  is  evident  that  its  dupli- 
cation in  the  true  Ebphine  Deer  and  in  Rangifer  is  more  associated 
with  the  actual  size  of  the  antlers  than  with  any  other  peculiarity. 

The  antlers  of  Elajthurus  davidianus  are  at  present  quite  beyond  my 
comprehension. 

General  Rtrmarks, 

Whilst  working  at  any  special  group  of  animals,  there  is  nothing 
which  must  strike  most  students  so  much  as  the  inefficient  scientific 
capacities  of  the  Linna^an  binomial  nomenclature  as  it  is  at  present 
employed.  For  the  simple  identification  of  species  among  themselves 
and  of  genera  it  is  excellent,  no  doubt ;  but  immediately  the  generic 
position  is  assigned  to  any  collection  of  related  species,  the  animals  or 
plants  which  constitute  them  are,  so  far  as  nomenclature  is  concerned, 
lost  in  the  plurality  of  mundane  organized  forms.  In  the  science  of 
Page  17.  chemistry — an  older  one,  it  is  true — the  case  is  very  different.  There, 
the  knowledge  of  the  composition  of  any  non-elementary  substance  is 
sufficient  for  the  determination  of  the  name  by  which  it  should  he 
designated ;  and,  rice  versd,  from  the  name  its  composition  may  be 
inferred.     Why  should  we  not  be  able  to  do  the  same  in  biology  ? 
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We  form  CKtiiiiates  as  to  tlie  matual  alBnities  of  genera  wLicli  can 
bear  the  test  of  criticism  n&  well  as  any  rational  chemical  formula ;  is 
it  not  just  as  possible  to  express  them  in  onr  nomenclature  as  do  the 

I  chemista  in  theii*s  ?     It  is  qaite  conceivable  that  it  sbouM  be  done  ; 

j  and  I  have  the  boldness,  on  the  present  occasioiij  to  endeavour  to 
make  a  step  in  the  direction  indicatedi  taking  the  CervidiB  to  illustrate 
my  method.     I  should  not  desire  any  one  to  think  that  the  method  1 

I  am  about  to  suggest  is  at  all  a  final  one;  for  it  only  comprehends  a 
single  small  group  of  Mammalian  animals.  Nevertheless,  if  by  it  I 
am  able  to  demonstrate  its  practical  utility,  and  to  develop  in  others  a 
desire  that  it  should  be  extended  in  its  scope,  there  is  nothing  easier 

^  than  to  expand  it. 

From  what  haa  been  remarked  earlier  in  tliia  paper,  it  is  evident 
that  there  are  osteological  reasons  for  separating  off  the  Old-World 
from  the  New- World  Cervidse.  RepreseritiDg  degrees  of  slightly 
more  than  generic  importance  by  Roman  capitals,  this  difference 
between  the  two  groups  may  bo  indicated  by  the  employment  of  letters 
separated  by  some  distance  in  the  alphabet.  1  therefore  commence 
with  A  in  formulating  the  Old- World  species,  and  with  P  in  those  of 
America.  Following  the  initial  capital  I  place  a  small  letter,  which 
represents  the  genus ;  and  the  species  of  each  of  the  latter  are  indi- 
cated by  numbers  following,  raisetl  above  the  line,  as  in  mathematics 
when  the  square,  cube,  &c,  are  expressed.  When  a  species,  like  the 
Flk,  stands  by  itself,  it  is  not  necessary  to  api>end  the  smaller  signs. 
With  this  amount  of  explanation,  the  following  Table  (HI)  will  need 
no  further  description : — 


■ 

Table  IIL 

■ 

Cervib*. 

^P  A.     Alces  maohlie. 

Ca'*  i?.  moiuccm^U. 

Ba\  0.  elaphm. 

Ca*.  E,  eqtiirm. 

Ba'*  C  cunadefnu. 

Ca*.  R,  sivinhmi. 

Ba*.  (7.  cashmeerianuM 

Ca*.  B,  m4iriamM. 

Ba*.  C.  harbarus. 

Ca\  U.  penmii. 

Ba*.  C,  mural 

Ca*.  K  huUxL 

Ba*.  C.  affinu. 

Ca*.  ie.  al^redu 

Bb'.  Danta  vulgarh 

Ck   0.  axis. 

Bh*.  D.  mesopotamtca. 

Cc.   0.  poreinua. 

^M  Be*.  Fitetidojeh  mka. 

Cd'.  llu(iervui  schi^mhurykL 

^B  Bo*.  P.  mantchuricus. 

Cd*.  R.  duvanceUL 

^^BcP*  P.  iaevamis. 

Cd\  R.  ehlL 

Ca'.  Hma  ari$tolelis. 

D.     Efapfmrus  davkliaiui^. 

Ca'.  R,  hippelapkns. 

Ea\  Cervulus  munijac. 

4(>{; 
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Eb.   Elaphodui  eephalophus. 
F*      Capreohts  caprea, 
G.     11  ijdn poles  htermift. 
Page  18.  P*      Ra7ifjifer  tarafulm, 

Qa^  Carta  ens  vtrgintanas. 
Qft'*,  €.  mexkanm. 
Qa^.  C.  hticurm. 
Qa*.  (^.  mucroth. 
Qa\  C  columhianu/t. 


Table  III.  {continued), 

Ra*.  C  paluiios^us* 

Va*»  C  nemortvaffuje. 
Va*.  C  gimpKdcomU. 

Va^  (,\  supcrciiiarts. 


This  synoptical  sketch  of  the  affinities  of  the  different  sporics  »! 
tlie  Deer  tribe  expresses  mncli  more  with  reference  to  the  tnstsi) 
relatioTiahipa  of  its  component  members  than  coald  be  done  bjr  t^ 
emploj^meut  of  tbo  binomial  nomenclature.  For  inatance,  taking  Uk 
Barasinpfha  Deer,  bere  expressed  by  Ca',  In  that  it  is  of  the  C  grasp, 
its  close  affinities  to  the  Sambnr,  Axis,  and  Hoo'.Dcer  is  Minrtiii 
C  being  next  to  B  (Elapbine),  its  not  great  distance  from  tbe  Hb* 
pbina^  is  expressed ;  whilst,  although  the  Reindeer  and  the  Long^tfttlol 
Doer  have  their  antlers  developed  on  yeiy  similar  typeei^  Uie  H^**y** 
of  their  rclatioiiship  is  signified  by  their  alphabetical  ini 
between  C  and  P  or  Q. 

Further,  in  that  Uneervus  duvaucelU  is  represented  by  Cd*, 
proves  timt  there  are  other  genera  closely  allied  to  it,  uame1y« 
and  c,  at  the  same  time  that,  as  there  is  a  figure  appended,  ii  ts  bo  W 
inferred  that  tbere  is  more  than  a  fiingle  species  in  the  gonna.  Go  Hi 
whole,  I  know  no  so  concise  a  way  of  expressing  the  relattonaltifii  «i 
species. 

As  to  the  aGEuities  of  the  genera  here  expressed,  some  mn 
certainly  based  than  others.  Capreolu^  caprea  ia  one  of  ihs 
difficult  of  the  Deer  tribe  to  localize;  and  I  have  pltMxd'^it  itol  hf 
from  Cervulu^  on  account  of  the  configuration  of  ife  glaoa  pgffr^ 
Dama  vulgaris,  aa  well  as  Bama  mesopotamic€t^  from  the  sliafv  d 
their  antlers — neglecting  the  palmation,  an  evidentlj  insiffiufiem 
charticter — are  intimately  allied  to  the  Fseudaxiuo  ^ronp*  and, 
the  late  Mr.  Blyth  has  so  satisfactorily  demooatrated^  there  is 
reason  why  Eld's  Deer  should  be  in  any  genus  other  thim  tint 
which  tbo  Barasingha  is  situated.  The  abnormal  furcation  of 
antlers  of  Elaphuru^  damdiafHi,i  renders  it  extremely  difficoli  ^ 
place  tbeir  species  in  any  definite  position  among'  the  Old-W( 
Cervidfl?. 


i 
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63.   NOTE  ON  THE  SOLID-HOOFED  PIGS  IN  THE 
SOCIETY'S  COLLECTION.* 

On   November  2nd,  1876,  there   arrived  in  the  Gtirdens  a  pair  of  Pago  33. 
Pigs  (domestic  variety)  presented  to  the  Society  by  Don  J.  Alfonso 
de   Aidama,  from  Cuba,   peculiar  in  that  the  hoofs  of  all  the  feet, 
instead  of  being  cloven,  are  solid,  much  resembling  tliose  of  the  Ass, 
with  the  lateral  diminutive   digits  as  they  are  always  found  in  the 

Pig. 

The  sow  gave  birth  on  November  15th  to  a  litter  of  six,  three 
males  and  three  females.  Of  these  the  hoofs  were  solid  (like  those  in 
the  parents)  in  three,  namely  in  two  males  and  one  female.  In  the 
remaining  male  and  two  females  the  hoofs  were  double,  as  in  the 
animal  under  ordinary  circumstances. 

Four  of  the  young  pigs  are  now  living  (a  pair  of  solid-hoofed  and 
a  pair  of  normal-hoofed),  a  male  solid  hoofed  and  a  female  split-hoofed 
specimen  having  died  within  a  few  days  of  birth. 

On  examining  the  feet  of  the  deceased  male  solid-hoofed  specimen, 
it  was  seen,  as  might  have  been  inferred  from  an  inspection  of  the 
living  animals,  that  all  the  monstrosity  is  confined  to  the  ungaal 
phalanges.  The  proximal  and  second  phalanges  are  separated  as 
usual,  whilst  at  the  extreme  distal  ends  of  the  ungual  phalanges  these 
bones  are  completely  fused  together ;  and,  further,  there  is  a  third 
ossicle  developed  at  their  proximal  ends,  where  they  are  not  completely 
united,  between  and  above  them. 

It  might  have  been  imagined  that  the  deformity  was  simply  the 
result  of  an  agglutination  along  the  middle  line  of  the  two  completely 
formed  digits;  but  such  is  not  the  case,  the  nail-structure  being 
absent  in  the  interval,  where  it  is  replaced  by  bone  with  a  trans- 
verse cartilage  below  it.  The  nail  is  continued  straight  across  the 
middle  line  of  the  hoof,  as  in  the  horse.  In  Mr.  Darwin's  '*  Animals 
and  Plants  under  Domestication  **  (ed.  2,  vol.  i,  p.  78),  a  full  account 
will  be  found  of  several  cases  in  which  an  exactly  similar  deformity 
existed. 

•  "  ProceedingB  of  tho  Zoological  Society,"  1877,  p.  33.    Read,  Jan.  16, 1877. 


40« 


ox  THE  INTERVERTEBRAL  SUBSTANCE. 


M.  ON  THE  MECHANISM  OF  THE  INTERVERTEBRAL 
SUBSTANCE,  AND  ON  SOME  EFFECTS  OF  THE 
ERECT  POSITION  OF  MAN.* 

Page  49.  In  all  works  on  haman  anatoTny  the  stmctare  of  the  disks  of  fibro- 
elastic  tissue  wbicli  intervene  between  the  bodies  of  the  yertebne  ia 
described  as  being  composed  of  a  central  elastic  cnshion  with  a 
laminated  fibrous  investment,  the  individual  fibres  of  which,  instead 
of  running  straight  from  the  lower  edge  of  one  vertebra  to  the  npper 
edge  of  the  one  below  it,  are  arranged  obliquely,  those  of  one  layer 
crossing  those  of  the  next  at  a  considerable  angle.  That  this  is  aa 
accurate  statement  of  the  condition  which  exists  no  one  will  doabt. 
Of  its  mechanical-  advantages,  however,  I  have  nowhere  found  any 
explanation. 


If  the  fibres,  instead  of  crossing  had  run  parallel,  and  at  right 
angles  to  the  surfaces  which  they  joined  (fig.  1),  it  is  evident  that  the 
median  elastic  pad  would  have  efficiently  retained  the  vertebras  at  a 
distance  from  one  another  under  ordinary  circumstances.  But  in  the 
act  of  jumping,  for  instance,  when  the  feet  have  just  reached  the 
ground,  the  momentum  acquired  by  the  head  and  upper  extremities 
would  compress  the  elastic  pad,  and  diminish  the  distance  between 
each  two  vertebrce.  At  this  moment,  if  the  upper  part  of  the  body 
had  the  least  tendency  to  obliquity  in  its  doTmward  movement,  the 
relaxed  outer  fibres  of  the  intervertebral  substance  would  allow  the 


•  "  Proceedings  of  the  Zoological  Society,"  1877,  pp.  48  50. 
1877. 
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liodj  of  the  upper  vertebrae  to  slide  upon  the  one  below  it  (fig.  2),  and 
so  dimiixisli  tli«  cajmcity  of  the  spinal  canal j  as  well  as  the  general 
atability  of  the  column.  A  forcible  attempt  to  rotate  the  body  upon 
the  spine  would,  under  similar  conditions,  be  alao  attended  by  com- 
prefifiion  of  the  elastic  pad,  and  considerable  rotatory  gliding  of  the 
vertebr©  on  one  another  (fig.  3). 

These  difficulties  are  entirely  snrmoanted  by  tho  existing  mechan* 
ism  (fig,  4),  as  may  be  moat  satisfactorily  demonstrated  by  the  em-  P'^ge  50, 
ployment  of  a  model  composed  of  two  circular  diaks  of  wood  bound 
together,  with  an  interval  between  them,  by  tajies  of  similar  lengths 
arranged  obliquely  and  croasing  one  another,  att^ached  to  opposite 
points  on  the  margins  of  the  disks.  So  connected,  no  gliding  of  any 
kind  of  tho  disks  upon  one  another  can  be  producedj  aud  the  only 
movements  possible  are  their  approximation  either  at  all  points,  or  at 
any  part  where  compression  is  employed  (figs.  5  and  6). 

It  may  not  be  out  of  place  for  me  here  to  draw  attention  to  one  or 
two  points  which  are  associated  with  the  erectness  of  the  carriage  of 
man,  in  contradistinction  to  tho  horizontal  and  oblique  attitudes 
assumed  by  lower  animals. 

The  simple  curve,  concave  ventrally,  of  the  vertebral  column  of  the 
higher  Apes  was  moat  certainly  shared  by  the  human  progenitor.  In 
the  young  child  it  is  found  to  exist.  In  its  attempts  to  assume  the 
npright  carriage  this  progenitor  must,  equally  certainly,  have  thrown 
the  centre  of  gravity  of  its  body  directly  above  the  hips,  to  do  which 
it  was  necessary  to  bend  the  spine  backwards.  On  account,  however, 
of  the  thoracic  region  being  rendered  rigid  by  the  attachment  of  its 
cage  of  ribs,  and  the  sacrum  being  unmodifiable  from  its  ankylosis, 
this  flexion  of  tho  spioe  could  only  occur  in  the  neck  and  loins;  con- 
eequently  the  spinal  flexures  in  man  may  be  explained  upon  the 
aflsnmption  that  the  dorsal  and  sacral  venfciid  concavities  are  tho 
similar  carves  of  the  ancestral  type,  retained  on  account  of  the 
mechanical  obstructions  to  their  removal,  whilst  the  ventral  convexi- 
ties of  the  yielding  cervical  and  lumbar  regions  are  the  means  by 
which  the  centre  of  gravity  in  the  erect  position  is  carried  to  a  point 
directly  above  the  hip-joints. 

Thi.s  assumption  of  a  vertical  attitude  by  a  croatnre  originally  dif- 
ferentiated for  a  horizontal  position  of  its  body,  has  produced  but 
marvellously  slight  inconvenience.  If  it  had  resulted  in  many,  man 
could  scarcely  have  survived.  There  are  one  or  two,  however,  which 
are  most  clearly  traceable  to  this  cause,  including  the  painful  tendency 
to  prolapse,  antiflexion,  and  retroflexion  of  the  uterus  in  women,  iw 
well  as  erural  hernia  in  both  sexes,  and  inguinal  hernia  in  the  male. 

In  mammalian  animals  with  the  body  horizontal  the  weiglit  of  the 
uterus  is  transmitted  to  the  abdominal  walls^  at  tho  same  time  that  the 
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round  and  broad  ligaments  prevent  it  from  leaving  the  pelvic  region. 
In  the  Sloths  and  Bats  these  ligaments  are  still  more  called  into  play, 
on  account  of  the  peculiar  attitudes  assumed  by  them.  No  more  satis- 
factory mechanism  could  be  desired.  But  in  the  human  species  the 
condition  is  very  different.  The  nterus  is  situated  almost  directly 
above  the  vagina ;  and  the  entire  absence  of  any  ligaments  to  suspend 
it  place  it  in  a  position  of  the  greatest  mechanical  disadvantage, 
especially  when  congested  and  depressed  by  stays.  Unsupported,  it 
frequently  bends  forward  or  backwards,  or  even  drops  into  the  cavity 
of  the  vagina,  and  there  finding  nothing  to  obstruct  it,  becomes  com- 
pletely prolapsed.  Similarly  in  inguinal  hernia,  the  abdominal  walls 
being  abnormally  extended  in  connexion  with  the  lumbar  curve,  the 
tendency  to  rapture  in  the  region  of  the  inguinal  canal  must  be 
greatly  increased,  as  it  must  likewise  be  by  the  downward  tendency  of 
the  viscera. 


65.  NOTES  ON  THE  ANATOMY  OF  THE  MUSK-DEER 
{MOSCHUS  MOSCHIFERUSy 

Pago  287.  In  the  large  collection  of  living  animals  brought  home  by  the  Prince 
of   Wales  ^m  India  were  two  male  specimens  of  the  Musk-Deer 

(Muschus  moschiferus),  nearly  adult,  from  Nepaul,  presented  to  His 
Royal  Highness  by  Sir  Jung  Bahadoor,  whose  sadden  death  has  been 
so  recently  announced.  As  far  as  I  am  aware,  the  only  other  individual 
of  the  species  which  had  been  seen  alive  in  this  country,  was  the 
female  presented  by  Sir  Richard  Pollock,  K.C.S.I.,  on  March  Slst, 
18G9,  to  this  Society,  which  formed  the  subject  of  Professor  Flower's 
valuable  memoir  published  in  our  **  Proceedings  "  (1875,  p.  159). 

On  Feb.  2nd  of  this  year  one  of  the  Prince's  specimens  died  at 
Sandringham ;  and  His  Royal  Highness  having  graciously  given  per- 
mission that  a  post-mortem  might  be  made  upon  it,  Mr.  Clarence 
Bartlett  placed  it  in  my  hands. 

Pathologically  it  did  not  present  any  features  of  special  interest, 
Page  28Sr  the  only  organ  which  gave  any  proof  of  lesion  being  the  psalterium,  in 
which  several  minute  abscesses  were  found  along  the  attached  margins 
of  several  of  the  laminte. 

Zoologically  the  specimen  has  given  me  the  opportunity  of  veri- 

♦  "  rrocecdiiigs  of  the  Zoological  Society,"  1877,  pp.  287-292.     Read,  March  20, 

1877. 
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flng  many  of  the  fitatementa  bo tb  of  PallaB  in  his  exhanstive  treatise 

the  animal,*  and  of  Prof.  Flower  in  hia  memoir  above  referred  to. 

Ij  own  attention  having  been  nmch  devoted  of  Lite  to  the  anatomy 

|f  the  Ruminantia,  I  was  particnlarly  pleased  at  having  the  oppor- 

mity  of  dissecting  the  epceies,  especially  as  it  was  of  tlie  male  aex, 

nd  as  Prof*  Flower  has   most   kindly  allowed   me   to  compare  its 

with  those  of  the  female  speeimen  in  the  Museum   of   the 

oUege  of  Surgeons* 

Considering  the  various  organs  seriatim,  I  found  that  the  tongue 

ed  exactly  with  that  figured  by  Prof.  Flower,  as  did  the  epiglottis 

being  pointed  in  the  middle  line,  and  the  stomach  in  ita  geneml 

Dufiguration, 

In  the  rumeti  the  villi  were  shorter  than  in  most  of  the  Cervidas 
ad  moi*e  sparsely  scattered*      There  were  no  traces  of  any  special 
gland  ttlar  pouch  on  the  anterior  wall  of  the  vis  ens. 

In  the  retwulum  the  shallow   cells   were    peculiar  in  being  com- 
iratively  Bmall,  and  more  numerous  than  is  generally  the  case. 

The  psiilferlum  did  not  differ,  except  in  the  nnniber  of  its  lamin©, 
Dm  the  description  given  by  Pallas;  and  it  appears  to  me  that  Prof. 
riower,  at  tbe  same  time  that  he  was  the  first  to  lay  proper  stress 
Bpon  its  non- typical  nature,  hardly  read  correctly  the  account  given 
rby  the  earlier  observer;  for  in  the  College  specimen,  althoagh  the 
rows  of  papiUfB  are  particularly  feeble,  nevertheless  it  might  he  said  of 
them  '*  inter  majores  laminas  rug®  intercalares,  vel  lamellula]  acccBBoriee 
angnstiores/'  In  the  stomach  under  consideration  they  are  much 
more  conspicuous.  The  organ  is  therefore  dupliciplicate,  and  differs 
from  that  of  any  other  Iluminant  examined  by  me,  as  I  have  elsewhere 
shown, t  ill  that  the  laminte  arc  arranged  more  closely  tlian  is  usually 
the  case,  and  at  the  same  time  there  is  a  great  deficiency  in  minor 
folds,  and  an  excess  of  those  of  higher  degree. 

I  Pallas  counted  23  or  25  major  laminro  in  the  psaUerium  of  his 
specimens :  Prof.  Flower,  19  in  his ;  there  wore  21  in  the  specimen 
now  under  consideration. 

The  small  intestine  was  24  feet  2  inches  in  length,  the  large  intes- 
tine measuring  11  feet  S>  inches,  and  the  caecum  5-J  inches.  There 
were  three  and  a  half  double  turns  in  the  colic  coih  which  is  one  more 
than  is  generally  found  in  larger  species,  and  two  more  than  is  fr^e- 
quently  observed  in  smaller  ones.  Both  the  ciecum  and  the  colon 
were  curiously  mottled  from  the  collection  of  fat  in  the  course  of  the 
vessels  traversing  their  surface,  as  is  mentioned  by  Pallas,  and  shown 
in  his  figure  of  the  former  organ. 

With  reference  to  the  peculiar  dilatation  of  the  colon  in  the  region 


*  '^Spidlegia  Zoalogica,"  fasciculus  xiii.  (1779). 


+  (Supr^,  p.  304) 
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of  tlio  ileo-ca&cal  valve,  this  is  produced  by  the  considerable  develop* 
ment  of  a  glandalar  surfacei  wbich  is  quite  as  well  marked  in  llto 
Fage  280.  Giraffe  {Gamelopardali»  girafa)^  as  was  first  pointed  out  by  Dr.  T.  8, 
Cobbold,  in  his  article  **  Ruminautia,"  in  the  CjclopflBdia  of  Anatomj 
and  Physiology,*  where  it  is  excellently  figured,  as  it  is  also  by  tha 
same  author,  although  much  less  accurately,  in  the  "  Proceedings  **t  of 
this  Society.  I  take  the  present  opportunity  of  depicting  its  oonditifTO 
in  Moschuft^  and  have  had  placed  side  by  side  with  it  a  drawing  of  tlid 
homologous  gland  in  the  Fallow  Deer  {Gervtis  dama),  where  it  is  com- 
paratively smaller  (figs.  1,  2).     This  gland  is  probably  to  be  foimd  in 


Fig.  1. 


Fig.  2. 


A 


// 


't 


lleo-c&cal  gkod  of  Mo^chn*  : 
a.  oriOop  of  small  intestine. 


X 


V-- 


^^ 


Ileo-e«cal  glmd  of  C^im^  dama  : 
of  tmoU  int^«tiDe. 


a^  orifice 


other  mcnihera  of  the  Order ;  but  I  regret  that  till  quite  recently,  tiot 
hnviog  bad  my  attention  specially  called  to  it,  1  have  not  taken  tb0 
opportunity  of  looking  for  it.  In  future  I  will  do  so,  and  will  infom 
the  Society  of  the  results  of  my  search.J  1  could  find  no  Peyer*» 
patches. 

*  Vol.  V.  p.  540,  flg.  363. 

t  "  Prorei^cHngB  of  the  Zoological  Society/*  1860,  p.  lOi,  Plate  LXXTIIL 

i  Sin  CI?  this  paper  was  read  I  liave  examined  the  ileo-ceDcal  region  of  tli«odiOO 

in  Aires  maohU*^  where  tbe  gland  is  large  and  Tery  much  like  that  of  the  Giraffe — 

in  Cerrua  vifgiHianms,  where  it  it*  ovid,  mndc  Up  of  shaliow  glandi,  and  an  iiush 

long— and  in  Tfat;elaphua  wenplmr  and  Qfjx  6«ua,  wUow  tt  ftgrtei  irith  thai  in 
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Ql&tis  peniB  of  Masehu*, 


The  liver  was  more  elongate  and  not  bo  deep  aa  tbat  figured  by 

Prof*  Flower.      The  g-all- bladder  waa  lodged  in  a  shallow  fossa,  ita 

[  fundus  not  nearly  reaching  the  free  margin  of  the  organ.    The  caudate 

I  lobe  was  lateral,  and  far  from  large.     The  Spigelian  lobe  was  absent^ 

fact  which  demonstrates,  what  specimens  of  Cephalophtui  pygmmus 

land   Camelopardalis  giraffa  had   previously  taught   me,  tho  vanable  Fago  200. 

mature  of  this  small  hepatic  appendage,  even  in  the  same  Bpecies. 

With  reference  to  the  generative  organs,  Pallas  records  the  ex  is* 
tence  of  Cowper's  glands  and  a  filiform  termination  to  the  urethra,  of 
some  length.  I  take  the  opportunity  of  figuring  the  glans  penis,  aa 
the  drawings  given  by  Pallas,  although  particularly  instructive,  are 
too  small  to  exhibit  some  of  its  chamcteristics  (fig.  3).     The  glans,  on 

Ik  :Fig*  3. 

the  whole,  is  more  like  that  in  the  genera  Gazella  and  Addax^  than  in 
OvU^  Capra^  Cephalophu.%  and  Cai^ielopardalis^  in  all  of  which  there 
is  a  fi:liform  termination  to  the  urethra*  The  Cow  per 's  glands  wero 
about  the  size  and  shape  of  haHcot  beans,  one  on  each  side.  Tho 
vesiculiB  seminales  were  each  an  inch  long,  and  of  a  fairly  uniform 
breadth  of  |  inch.  The  urethral  ends  of  the  vasa  deferentia  were 
considerably  dilated  for  a  little  more  than  an  inch  and  a  half. 

Aa  has  been  clearly  described  by  PallaB,  the  mask-sac  opens  a 
short  distance  in  front  of  the  preputial  opening ;  ii%  size  is  nearly  that 
of  an  ordinary  orange.  In  the  specimen  under  consideration  it  waa 
filled  with  a  dark-brown,  chocolate-coloured  powder,  possessing,  most 
powerfully,  the  characteriatic  odour.  Its  minute  orifice  was  a  littlo 
more  than  half  an  inch  in  front  of  the  opening  of  the  prepuce,  from 
which  latter  a  few  stiff  hairs,  about  half  an  inch  long,  projected  for- 
wards and  downwanla*  The  two  orifices  were  included  within  a 
common  sphincter  muficlej  the  skin  over  which  was  covered  with  fine 
hairs,  all  radiating  towards  its  centre.  The  slightly  convex  cutaneous 
surface  included  within  the  sphincter  was  devoid  of  hair.  Tbia 
account  agrees  with  that  of  J.  F.  Brandt  and  J.  C*  T,  Ratzebarg  in 
1839  ;t  a*id  my  specimen  in  no  way  diners  from  the  excellent  figures 
of  the  musk-sac  given  by  those  authors. 

In  my  paper  on  the  visceral  organs  of  the  Ruminantia,!  I  have 


•  (rwl#  Mfiprh,  p,  397;  fig.  18  J 

f  "  Mfdieimw'he  Zoologio  "  {BerliD,  1839),  Band  i 

J  (Supr^,  p.  39^.) 


pp.  41-^1,  Plate  VIII, 
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drawn  special  attention  to  the  natnra  of  the  interoai  sarfaoo  of  the 
ntems  in  the  Order,  having  given  strong  reasons  for  the  surmise  thai 
the  Cavicomia  are  characterized  by  having  nnmerons  cotjlodons  on 
the  placenta,  on  which  account  they  are  termed  Folyeotyledoutopkora, 
whilst  in  the  Cervidaa  (therefore  termed  OligocatyledontophcTa\  the 
cotyledons  are  very  few  in  number.  It  occurred  to  me  that  the  nature 
of  the  interior  of  the  uterus  or  the  placenta  would  throw  much  light 
on  the  very  disputed  point  as  to  the  affinities  of  Moackut.  Of  the 
placenta  Pallas  tells  us*  that  "  cotyUdones  et  respondentes  phiomhdm 
Page  291.  oblonga,  plana  figura  gaudent  et  in  series  fere  digeruntnr.  Eztrema 
secundinarum  attcnuata,  in  comua  uteri  filo  protensa;  at  versos 
orificium  uteri  chorion  utriusque  anastomosi  tubulari  cohseiet."  At 
the  same  time  he  tells  us  that  there  were  two  foetuses  in  the  uterus. 

Prof.  Power  has  kindly  allowed  me  to  examine  the  uterus  of  the 
specimen  of  Mosehus  moschiferus  in  the  GoUege-of- Surgeons  Museum, 
which  was  about  2^  years  old.    From  it  fig.  4  is  taken.     It  will  be 

Fig.  4. 


Uterus  of  Mosehus  moschiferus :  the  loft  comu  is  opened  up 
longitudinally. 

seen  that  there  are  no  cotyledonary  papillso  at  all,  the  mucous 
membrane  being  disposed  in  narrow  longitudinal  folds,  six  in  number, 
of  vcr}'  little  depth,  running  nearly  the  whole  length  of  the  comua, 
slightly  broken  here  and  there,  but  nowhere  developing  from  their  free 
edges  the  tongue-like  processes  which  form  the  cotyledonary  papilla? 
in  ordinary   Deer,  or  the  characteristic  linearly  arranged  elevations 


•  Lor,  cit.  p.  41, 
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of  the  Bo^idm.  This  condition  difTcrs  from  any  I  have  seen  In  other 
Rnniinant  animals ;  and  I  can  find  no  reference  to  it  by  other 
aathors. 

I  do  not  think  that  my  account  of  the  organ  is  at  all  incompatiblG 
with  that  of  Pallas,  wlio  has  laid  special  etresa  on  the  linear  nature  of 
the  cotyledons,  Neither  in  the  Cervidse  nor  the  CavicoiTiia  have  I 
ever  found  an  arrangement  wliich  can  be  compared  with  it.  I  do  not 
feel  jufitified  in  rcgar<iing  it  as  indicating  a  nearer  relationship  to  the 
one  than  to  the  other ;  for  the  nnmber  of  the  plications  is  opposed  to 
Cervine  affinities,  whilst  their  size  militates  agpainst  their  polycotyle- 
donary  natare. 

When  we  consider  the  genns  MoscJius  in  its  relations  to  the  other 
Bnrainnnts,  it  seems  to  me  that  to  call  it  a  Deer  is  altogether  against  Page  292. 
the  tendency  of  the  facts  at  our  disposah     No  known  Deer  has  a  gall- 
bladder, or  a  filiform  termination  to  its  ui'ethra*     How  can  we  place 
with  the  Cervidm,  therefore,  an  animal  wliich  possesses  both? 


66.  NOTES  ON  THE  ANATOMY  AND  SYSTEMATIO 
POSITION  OF  THE  GENERA  THINOCORUS  AND 
ATTAGIS.* 

Through  the  kindness  of  Mr.  Edward  Gerrard  I  have  become  Pago  ii3. 
possessed  of  an  atlnlt  specimen  of  Thinororiis  rummvonis^  and  of  a 
iiefitling  of  Attagis  gayi^  in  spirit,  from  Chili ;  and  I  take  the  present  Pag©  414. 
opportunity  of  bringing  before  this  Society  my  notes  on  tlieir  struc- 
ture. Of  the  former  of  these  species  Mr,  Eyton  haa  fully  described 
the  visceral  anatomy  and  the  osteology  in  the  *'  Zoology  of  tlie  Yoyage 
of  the  *  Beagle/  "t ;  atid  in  bis  ^'  Osteologia  Avium  "|  will  be  found 
an  account  of  the  skeleton,  together  with  a  fignre  of  the  sternum,  of 
the  latter.  By  Mr.  Eyton,  in  his  account  of  Thinocorus^  these  birds 
are  referred  to  the  order  Gallime  ;  but  in  his  more  recent  work  they 
are  included  with  Chionis,  tr>  constitute  the  Chionididae,  which  are  by 
him  placed  after  the  Otidie  (eompriiiing  the  Otina?  and  Tinamime), 
and  before  the  Charadriida^  as  families  of  his  order  Li  t  to  res »  By 
Mr,  G,  R.  Gray,  in  his  "  Hand-list  of  Birds/*  they  are  separated  from 
the  CbionididcB,  between  which  and   the  Glai*eolidje  they  stand  as  a 


•  "  ProccedingB  of  tlie  Zoological  Society."   1877,  pp.  413-S.    Head,  May  1, 
1877. 

t  Part  ill.  p.  155.  t  t>-  1'7,  ftiid  Plate  XXI.  fig.  3. 


416  ON  THINOCORUS  AND  ATTAGIS. 

division  of  the  Grallad.  This  is  much  the  same  poBition  as  that  in 
which  they  are  located  by  Messrs.  Sclater  and  Salrin  in  their 
"  Nomenclator  Ayinm  Neotropicalinm."  Nitzsch,  as  Bnrmeister  tells 
ns,  was  disposed  to  place  them  in  his  group  of  the  Alectorides,  along 
with  Ghaunaf  Otis^  Gariama^  Psophia^  and  Ortu;  whilst  Wagler 
placed  them  with  the  Pteroclidsa ;  but  Bnrmeister  himself  is  of 
opinion  that  "  this  remarkable  bird  (Thinocorus  rumieivortu)^  which 
Wagler  very  improperly  compares  with  the  Sand-Ghronse  (Pterocief), 
is  in  every  particular  an  aberrant  Scolopadne  form,  related  to 
Qlareola  in  exactly  the  same  way  as  Chtonis  to  HcBmatoptu^  or  Dramtu 
to  RecurvirostraJ'** 

As  far  as  pterylography  goes,  not  mnch  of  importance  with  refer- 
ence to  the  position  of  the  Thinocorinaa  can  be  learnt.  In  that  they 
possess  a  tnf ted  oil-gland  they  dilPer  from  the  Pteroclidsa  and  Colnmbe, 
in  both  of  which  families  it  is  nnde.  On  the  whole  the  pterylosis  is 
typically  Limicoline. 

With  reference  to  the  alimentary  canal,  the  tongne  is  simple  and 
triangpilar,  occupying  most  of  the  space  between  the  rami  of  the  man- 
dible. The  oesophagus  is  not  large,  but  develops  a  capacious  and  well- 
defined  globose  crop,  situated  just  above  the  furcula.  The  g^ixzard  is 
muscular,  not  large,  and  it  possesses  simple  triturating  pads  like  those 
in  the  majority  of  non-carnivorous  birds. 

In  the  specimens  of  both  Thinocorus  and  AttagU  under  considera- 
tion the  intestines  are  12*5  inches  in  length;  but  it  must  be  re- 
membered that  the  Attagia  is  a  nestling.  The  colic  c»ca  in  the  2%tfio- 
com^  are  2*25  and  2*5  inches  long ;  in  the  Attagis  they  are  both  3 
inches. 

Myologically,  the  ambiens  muscle  is  present,  although  slender. 
Both  the  femoro-caudal  and  its  accessory  head  exist,  of  equal  breadth. 
The  scmitendinosus,  together  with  the  accessory  semitendinosns  are  of 
average  size,  whilst  the  semimembranosus  is  peculiarly  slender.  The 
myological  formula,  therefore,  in  conformity  with  the  nomenclature 
adopted  in  my  paper  "  On  the  Muscular  System  of  Birds,"  in  the 
Society's  "  Proceedings ''  for  1874  (p.  lll),t  is  A  B,  X  Y. 

The  vastus  externus  covers  the  biceps  cruris ;  and  in  the  foot  the 
Pago  415.  deep  plantar  tendons  are  arranged  as  in  Apteryx  and  many  other 
birds  in  which  the  hallux  is  small,  the  flexor  longus  hallucis  blending 
with  the  flexor  digitorum  profundus,  at  the  same  time  that  a  slender 
slip  is  sent  ofl*  from  the  inner  side  of  the  conjoined  tendon  to  the 
hallux.} 

In  the  patagium  of  the  wing  a  slender  muscular  &sciculus  runs 

•  Nitzscli's  *'  Pterylograpliv,**  Ray  Society's  translation,  p.  139. 

t  {Supra,  p.  208.) 

X  Vide  "Proceedings  of  the  Zoological  Society,"  1875,  p.  341.  (Supni,  p.  291.) 
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>m  the  biceps  to  a  little  above  tbe  middle  of  fche  tendon  of  the  tensor 
atagii  longns— the  tendon  of  the  tensor  patagii  brevis  bewg  in  two 
i-rts,  of  which  the  oater  is  the  broader  and  stronger.  Where  this 
itter  joins  the  extensor  carpi  radialia  longns  a  fan-shaped  ^hrous  ex- 
ansion  is  sent  off  to  the  middle  long  patagial  tendon,  as  in  tbo  Litni- 
dI©  generally. 

The  obtarator  in  tern  us  mnscle  is  very  small  and  oval  in  shape. 

Both  the  right  and  left  carotid  arteries  are  developed  in  the  two 
enera,  which  agree  exactly  in  their  myology. 


?^v-r 


Skull  of  AHoffit  ffayi. 


The  lower  larynx  is  simple,  a  slender  muscle  on  each  side  running 
to  the  fourth  bronchial  lialf*rmg,  which,  like  the  three  above  it-,  is 
deeper  than  the  other  bronchial  half- rings,  and  more  like  a  split 
tracheal  ring. 

OsteologicaUy  the  Thinocorinte  present  many  features  of  interest. 
In  his  more  recent  communication  *' On  ^gitbognathoua  Birds** 
(part  II*,  read  before  this  Society  in  Febrnarj  1876,  and  not  yet  pub-  Pago  416. 
lished),  Professor  Parker  has  fully  described  and  beautifully  figured 
the  skuH  of  Thinoeorus  rumicivormt^  and  baa  drawn  special  attention  to 
the  spuriously  ^githognatbous  nature  of  tbe  palate,  with  its  pecu- 
liarly broad  vomer,  rounded  in  front,  and  there  intimately  connected 
M'ith  the    na»al   cartilages  in  a  manner  wbioh   much  resembles  the 

2  E 
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arrangement  in  Passerine  birds.  In  the  acoompanying  figure  (p 
the  palate  of  AHagis  gayi  is  represented  from  a  specimen  most  J 
lent  me  by  Mr.  T.  G.  Eyton,  the  stemnm  of  which  is  that  refen 
above  as  figured  in  the  "  Osteologia  Aviam." 

By  comparing  it  with  Mr.  Parker's  figure  of  TTtinocarus  run 
ru8,  the  almost  exact  identity  of  the  two  is  rendered  certain.  ] 
same  memoir  Mr.  Parker  also  directs  attention  to  the  nature  < 
anterior  osseous  nares,  which,  as  he  remarks,  are  much  the  sai 
in  the  Tnmicidaa.  Both  these  genera  agree  with  the  birds  U 
Schizorhlnal  by  me  in  a  previous  paper,*  resembling  the  Lim 
Pteroclidaa,  ColumbsB,  and  their  allies  in  this  respect — althooj 
account  of  the  shortness  of  the  &ce,  as  in  the  Pteroclidsa, 
schizorhlnal  nature  is  not  quite  so  conspicuous  as  in  such  gene 
Orus,  Ibis,  and  Scolopax.  The  superior  aspect  of  the  skull  of  A 
gayi  is  also  represented  suprd  (p.  419). 

In  more  than  one  peculiarity  the  skulls  of  Thinocoru$  ai 
AUagis  differ  from  those  of  Tumix  and  Hemipodiu8,\  The  ma 
palatines,  instead  of  being  slender  throughout  and  simply  squar 
at  their  free  ends,  which  are  situated  considerably  nearer  the  nc 
line  than  are  the  inner  margins  of  the  palatine  bones  at  the 
which  they  oppose,  are  broad,  short,  and  swollen  apically,  where 
scarcely  project  beyond  the  median  borders  of  the  j^latinfls. 
Tumicidaa  also  possess  an  extensive  articulation  between  the  m 
of  each  pterygoid  bone  and  the  basisphenoid  rostrum-^AO  traces 
of  processes  for  such  an  articulation  being  present  in  the  Thinoco 
in  which  latter  subfamily  also  the  supraorbital  glands,  althong] 
largely  developed,  leave  a  small  crescentic  depression  on  the  su] 
surface  of  the  upper  margin  of  the  bony  orbit,  not  present  ii 
former  group. 

Continuing  the  comparison  with  the  Tumicidaa,  it  may  be 
tioned  that  in  them  the  left  carotid  artery  is  alone  develope 
Hemipodius  tachydromtis  and  Tumix  lepurana  at  least),  whilst 
accessory  femoro-caudal  muscle,  as  well  as  the  slip  to  the  pata 
from  the  biceps  of  the  arm,  are  wanting,  at  the  same  time  tha 
obturator  internus  is  large  and  fan-shaped,  not  oval  and  sn 
The  colic  caeca,  also,  never  exceed  1^  inch  in  length,  in  whic 
well  as  all  the  above-mentioned  characters,  they  difier  from  the  T 
corinsB. 

That  Tumix   and   Thinocorus  are  not  intimately  related  ms 


•  **  Proceedings  of  the  Zoological  Society,'*  1873,  p.  33  et  teqq.  {Suprtk,  p. 

t  For  most  instructiTe  figures  and  descriptions  of  the  skulls  of  TSimi, 
Hemipodius  see  Prof.  Parker's  paper  **  On  jEgithognathous  Birds,"  pi 
**  Transactions  of  tlie  Zoological  Society,"  toI.  IX.  Plate  LIV.  and  p.  204. 

X  Vide  "  Proceedings  of  the  Zoological  Society,"  1876,  p.  195.     (Supr^,  p. 
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Iherefore  considered  certain,  notwithstanding  the  partial  pesemblance  Page  417, 
of  their  vomers. 

Next  with  reference  to  Chionu.     "By  De  Blainville  this  genns  haa 

en  located  close  to  Hfpniafapm* ;  and  his  view  haa  been  accepted,  to 

greater  or   less  extent,  hj  many.     Nevertheless,  although   these 

la  are  hoth  strictly  sehizorhinal,  their  skulls  give   indications  of  a 

rery  different  affinity.     Hmmafopiis  poaseiSBea  supraocoipital  foramina, 

well  as  pterytjoid  articulations  with  the  basisphenoid,  together  with 

bifid  vomer,  as  represented  in  fig»  2.     The  similarly  formed  vomer  is 

extraordinarily  broad   in   Recunnrotstra  avoceila^  which  is   shown  in 


l4jit«nor  eitreinitj  of  Tomer  in  ; — ^1.  Sterna  kirut^do  ;  g.  HmmatQptu  ostrale^ttt ; 
3.  NumemuM  arquaiux  ;  4.  Reeutxiiriatra  avocetta ;  5.  CAioniM  alba, 

fig,  4,  agreeing  with  the  restricted  LimicolflB ;  whilst  in  Chivnis  the 
vomer  ia  blnnt  (fig.  5),  and  the  basiaphenoid  rostrum,  as  well  as  the 
pterygoids,  are  entirely  free  as  far  as  articalating  facets  are  con* 
cerned.  In  the  Bulletin  of  the  United  States  National  Museumf  Br, 
E.  Couea  and  Mr.  Kidder,  after  a  most  careful  study  of  the  whole 
anatomy  of  the  gen  as,  Chionis  minor  especially,  remark,  *'  We  find  in 
Chionis  a  connecting  link,  closing  the  narrow  gap  between  Ihe  plovers 
and  gn lis  of  the  present  day.  In  onr  opinion  this  group  represents 
the  survivors  of  an  ancestral  type  from  which  both  gulls  and  plovers 
have  descended.''^  A  separate  division,  termed  Chionomorphae,  is 
established  for  them,  comparable  with  the  Gd'anomorphse  and  the 
Cecomorphee  of  Prof.  Huxley, §  My  dissections  of  both  O,  alba  and 
C  minor  are  quite  in  favour  of  this  Larlne  affinity.  That  the  genua 
deserves  to  be  located  in  a  separate  division,  however,  as  Dr.  Couea 
BUggesta,  I  cannot  agree.  The  Ceco morphea  of  Prof.  Huxley  include 
the  Laridae,  ProcellariidaD,  Colymbtda?,  and  Alcidse;  and  it  is  now 
known  that  neither  the  Procellariidfe  nor  ColymbidfiB  come  near  tho 
Larid©  and  Alcidas,  which  two  last*named  families  are  related  one  to 


•  *'  Annalea  dei  Scientw*  NutureUeH/*  ri,  1836,  p.  97, 

t  No.  3,  p,  85,  WMhington,  1876.  J  Lot^^  cit.  p.  114. 

I  *'  Pn)Ci»eding»  of  the  Zoologicul  Society/'  18fi7,  p.  i57. 
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'  the  oiher  most  intimafelj,  and  differ  from  one  another  to  a 
exactly  the  same  amount  as  the  Chionidid»  do  from  either.  I  si 
Fago  418  place  the  ChionididsB,  the  Larid»,  and  Alcids  in  sequence  as  mei 
of  the  Limicolaa  * ;  and  such  being  the  case,  their  intimate  affi 
with  the  ThinocorinflB  scarcely  need  further  notice.  The  bifid  i 
of  Numenius  arqtuUuSy  as  shown  in  fig.  3,  p.  419,  closely  resemblei 
of  most  of  the  LimicolflB  proper.  The  Tomer  is  always  sharp-po 
in  the  LarinsB,  as  in  Sterna  htmndo  (fig.  1,  p.  419),  with  which  Ci 
generally  agrees. 

In  Cursorius  and  Glareola  the  vomer  is  not  expanded  late 
In  them,  however,  there  is  an  absence  of  pterygoid  &cets  for  art 
tion  with  the  basisphenoid  rostrum,  together  with  a  general  n 
blance  between  their  palates  and  those  of  the  Thinocorinae.  In 
myology  these  genera  do  not  differ  in  any  essential  points  from  1 
corns  and  Attagis ;  and  it  is  with  these  that  I  canuot  help  thii 
that  Thinocorus  and  Attagis  are  most  allied.  Not  in  any  of 
genera  are  the  pair  of  supraoceipital  foramina  to  be  found,  whic 
present  in  nearly  all  the  Charadriidaa  and  the  GruidsB. 

•  ride  "  Proceedings  of  the  Zoological  Society,"  187i,  p.  123.  (Smpnt,  p.  2 
may  here  mention  that  Dr.  Couea's  account,  in  the  aboTe-quoted  paper,  of  the  m; 
of  Ckiomis  minor  is  incomplete  as  far  as  the  Tarying  muscles  are  conoemed ; 
maj  add  that  in  both  species  the  ambiens  muscle  is  of  fair  size,  the  external 
covers  the  biceps  cruris,  the  femoro-caudal  with  its  acoessorius  and  the  semi 
nosus  with  its  accessorius  are  well  dereloped.  The  internal  obturator  is  OTal 
there  is  a  slip  from  the  biceps  humeri  to  the  patagium.  There  are  two  c 
arteries,  and  iutestinal  caeca,  5  inches  long  in  C.  albOf  6  inches  in  C.  minor. 
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67.  NOTE   ON  AN  ANATOMICAL  PECULIARITY  IN 
CERTAIN  STORKS.* 

The  CiconiidsB,  whilst  presenting  great  uniformity  in  their  myology,  I*»g^  ^H- 
differ  among  themselves  in  one  feature  which  seems  to  me  to  bo  of 
sufficient  interest  to  deserve  special  record,  as  ifc  may  aid  those  who 
study  their  external  characters  to  arrive  at  a  more  satisfactory  deter- 
mination of  their  affinities  among  themselves. 

The  following  are  the  species  I  have  had  the  opportunity  of  dis- 
secting : — 

Giconia  nigra.  Xcnorhynchus  anstralis. 

alba,  senegalensis. 

boyciana.  Leptoptilus  crumenifema. 

magtuiri,  argala. 

Abdimia  sphenorhyncha.  TantaltLS  ibis. 

In  all  these  birds,  with  the  exception  of  Abdimia  sphenorhyncha 
and  Xenorhynchus  senegalensis,  I  have  found  the  ambiens  muscle, 
which  courses  obliquely  through  the  front  of  the  capsule  of  the  knee, 
present,  although  never  large ;  whilst  in  the  two  last-named  birds,  l*"g«  ^12. 
both  from  Africa,  it  is  absent  on  both  sides  of  the  body.  Such  being 
the  case,  it  seems  to  me  highly  probable  that  the  relationship  between 
Abdimia  sphenorhyncha  BJid  Xenorhynchus  senegalensis  is  more  intimate 
than  that  between  X.  senegalensis  and  X.  aus traits ;  and  this  view  is 
favoured  by  their  geographical  distribution. 

The  tendency  of  the  ambiens  muscle  to  vanish  in  certain  of  the 
birds  so  closely  allied  as  the  Storks  under  consideration,  in  certain 
Psittaci,  as  well  as  in  some  of  the  Columbaa,  is  one  which  our  know- 
ledge of  their  habits  does  not  eoable  us  to  explain.  It  can  have  no 
relation  to  the  habits  or  bulk  of  the  species ;  for  this  muscle  is  present 
in  the  Ostrich  as  well  as  in  the  smallest  Cuckoo,  whilst  it  is  absent  in 
the  Cassowaries  and  the  Passeres.  The  fact  that  it  is  not  found  in 
certain  Storks  makes  its  total  loss  in  the  ArdeidsB  less  surprising  than 
it  would  otherwise  be. 


•  "  ProceedingB  of  the  Zoological  Society,"  1877,  pp.  711,  2.    Bead,  Nov.  6, 
1877. 
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68.    NOTES   ON    THE    ANATOMY    OF    THE    CHINESE 
WATER-DEER  {HYDROPOTES  INERMIS)* 

Page  789.  SiNCE  the  discovery  by  Mr.  Swinhoe  of  the  Chinese  Water-Deer, 
which  in  the  "  Proceedings  "  of  this  Societyt  he  named  HydropoUt 
inermiSf  naturalists  have  been  anzions  to  obtain  information  upon  its 
visceral  anatomy,  together  with  other  features  not  ascertainable  from 
adult  skin^  or  from  the  skeleton.  At  Tours  our  Corresponding 
Member  M.  J.  Coi'nely  has  succeeded  in  breeding  the  species,^  the 
Society  having  allowed  him  the  loan  of  its  male  specimen,  and  his 
example  being  of  the  opposite  sex.  One  of  the  three  young  ones,  a 
female,  having  died  shortly  after  its  birth,  M.  Comply  forwarded  it  to 
Mr.  Sclater,  who  has  kindly  placed  it  in  my  hands  for  description ; 
and  it  is  my  notes  upon  this  specimen  which  I  take  an  opportunity  of 
laying  before  the  Society. 

From  the  tip  of  the  nose  to  the  base  of  the  tail  the  specimen  is 
16  inches,  the  tail  being  an  inch  long.  From  the  top  of  the  shoulder 
to  the  tip  of  the  hoof  of  the  fore  limb  it  measures  12  inches.  The 
colonr  of  the  hair,  after  being  in  spirit  for  some  days  and  then  dried, 
is  a  dark  greyish  brown,  which  is  redder  along  the  back  than  at  the 
sides.  The  abdomen,  as  well  as  the  throat,  is  a  dirty  white,  as  are  the 
hairy  inner  surfaces  of  the  ears. 

The  fawn  is  spotted  with  white. §  The  spots  are  not  numerous  or 
pronounced.  They  run  in  longitudinal  lines  from  the  neck  to  the 
tail,  with  a  median  area  about  1*5  inch  broad  unspotted.  There  is 
one  line,  the  upper,  fairly  defined  and  uninterrupted ;  two  others, 
lower  down,  are  irregular  and  shorter.     The  spots  are  not  distinct. 

Page  790.  because  they  are  not  produced  by  the  presence  of  hairs  which  are 
white  throughout,  but  by  dark  reddish  hairs  tipped  with  white  for  not 
more  than  one-sixth  of  their  length. 

The  nipples  are  four  in  number.  The  crumenal  glands  are  quite 
small.  No  supraorbital  glands  were  recognizable.  In  the  fore  limb 
the  interdigital  skin  is  inflected  but  slightly,  and  there  is  no  special 


*  "  Proceedings  of  the  Zoological  Society,"  1877,  pp.  789-792.  Read,  Not.  20, 
1877. 

t  •'  Proceedings  of  the  Zoological  Society,"  1870,  p.  89 . 

X  See  M.  Com^ly's  article  in  "  Bull.  Soo.  d'Acclim."  8*  s^p.  t.  ir.  p.  417  ;  and 
note,  **  Proceedings  of  the  Zoological  Society,"  1877,  p.  533 

§  In  the  Society's  *'  Proceedings,"  1872,  p.  817,  Mr.  Swinhoe  mnarks,  "  I  learn 
from  Mr.  Bussell  that  the  fawn  is  spotted  with  dark  brown  spots  all  oyer  the  ^^^ 
quarters."    I  could  not  det-ect  anj  trace  of  these. 
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gland  differentiated,  altbougli  the  aurface  of  the  skin  is  apparently 
studded  with  minnte  gland-openiiigB,  In  the  hind  limb  the  inter- 
digital  skin  forma  a  deep  pockety  which  almost  completely  separates 
the  toes,  except  that  they  are  joined  by  a  thin  transverse  skin- fold 
along  their  posterior  edges.  The  included  skin  is  studded  with  small 
glands.     I  can  find  no  trace  of  any  metatarsal  glands. 

The  mufile  is  as  deep  as  broad,  and  extends  one  half  np  the  outer 
margin  of  the  nana!  orifica. 

In  the  new-bom  female  the  mOk-incison  and  lower  canines  are 
cut,  as  is  the  sharp  small  upper  canine.  The  milk-molars  are  in  place, 
partly  disguised  by  a  layer  of  njucoua  membrane  covering  them. 
The  anterior  portion  of  the  palate  is  covered  with  the  oi'dinary  trans- 
verse ridgeSj  running  outwards  from  the  naiddle  line ;  posteriorly  it 
is  smooth. 

The  tongue  shows  bnt  little  of  the  infcermolar  eminence.  The 
fungiform  papillse  are  numerous,  and  stand  out  conspicuously.  Pos* 
tero* laterally  they  develop  into  linos  of  paplllaa  circnmvallatffi. 

The  stomach  is  not  favourable  for  study,  because  of  its  being  so 
little  developed.  The  villi  on  the  rudimentary  paunch  look  like  the 
pile  on  thick-set  velvet.  The  hexagonal  cells  in  the  reticulum  are 
conspicuous   though  not  high- walled.     By  the  aid  of  a  magnifying 

Fig.  L 


Liver  of  M^drt^potei  inermit  (stiU-bom). 

glafla  the  p$alterinm  is  seen  to  be  quadraplicate — in  other  words,  to 
have  itfl  lamiuBe  arranged  in  four  powers,  there  being  ten  primary 
lamime,  with  secondary  smaller  folds  between  them,  on  each  aide  of 
which  are  smaller  laminae,  with  linear  rows  of  papiOte  (rndimentary 
laminse)  between  them,  of  the  fourth  power.  The  large  abomasnin  is 
not  peculiar. 

The  spleen  is  circular,  £at  on  its  gastric,  and  convex  on  its  parietal  Page  70 L 
surface. 

The  lirer  (tig.  i)  has  no  gall  bladder,  therein  being  qnite  cervine. 
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There  are  one  or  two  minor  lobules  so  situated  as  to  develop  % 
spurious  cystic  fossa ;  and  what  is  still  further  interesting  is,  that 
in  that  fossa  there  is  a  white  fibrous  cord  which  runs  from  the  tnms- 
yerse  fissure  nearly  to  the  ventral  margin  of  the  abdominal  anrfaoe  of 
the  right  lobe,  exactly  in  the  situation  of  a  gall-bladder.  Once  pre- 
viously  in  a  Deer  (Cervus  virginianuSy  I  believe)  have  I  seen  a  similarly 
situated  fibrous  cord,  which  I  can  hardly  believe  to  be  any  thing  else 
than  an  atrophied  gall-bladder,  although  I  was  not  able  to  trace  its 
connection  with  the  bile-duct  on  account  of  the  bad  state  of  preserva- 
tion of  the  specimen. 

The  Spigelian  lobe  is  proportionally  well  developed,  being  tongue- 
shaped  (or  rusiform)  as  in  the  genus  Buea,  The  caudate  lobe  is  of 
fair  size.  The  umbilical  fissure  is  shallow,  the  left  hepatic  lobe  being 
slightly  smaller  than  the  right,  both  being  of  a  square  shape. 

The  intestines  measure  9  feet  8  inches,  the  small  intestines  74 
feet  long,  the  large  2  feet  2  inches.  The  caBCum  is  1^  inch  long. 
No  trace  is  visible  of  an  ileo-csacal  gland.  There  are  2^  oolic  coils, 
there  being  an  irregular  reversed  half-loop  in  the  returning  portion  of 
the  spiral. 

In  the  bicom  uterus  of  this  new-bom  animal  the  ootyledonary 
papillae  are  as  manifest  as  in  that  of  the  pregnant  adult.  There  are 
four  in  one  comu  and  three  in  the  other,  the  highest  of  these  in  the 
latter  being  particularly  large.  I  have,  in  my  paper  on  the  visceral 
anatomy  of  the  Ruminantia  ("  Proceedings  of  the  Zoological  Society,** 
1877,  p.  12),*  mentioned  that  in  a  pregnant  uterus  oi  HydropoteSy  which 
was  lent  me  kindly  by  Mr.  Ewart,  of  University  College,  there  were 
three  cotyledons  in  one  comu  and  five  in  the  other,  which  agrees  very 
closely  with  the  specimen  under  consideration. 

The  brain  is  very  much  like  that  of  the  Pudu  Deer  {Cervus  j^udu) 
figured  by  Professor  Flower,t  mainly  difiering  in  that  the  hippocampal 
gyrus  is  much  less  conspicuous  upon  the  superior  aspect.  It  is  con- 
siderably more  convoluted  than  that  of  Moschus  moschtferus,  upon  the 
typical  Ruminant  pattern.  I  take  the  opportunity  of  figuring  it  (vide 
tig.  2,  p.  425)  from  above. 

Reviewing  the  above-described  anatomical  features,  the  differences 
between  the  visceral  anatomy  of  Hydropotes  itiermis  and  Mosckus  mos- 
chiferus  clearly  indicate  the  slightness  of  their  relationship.  In  the 
former  we  find  a  fairly  convoluted  brain,  a  quadruplicate  psalterium 
with  10  primary  laminsB,  no  ileo-ceecal  gland,  no  gall-bladder,  two  and 
a  half  colic  coils,  and  an  oligocotyledontophorous  uterus ;  whilst  in  the 
latter  the  brain  is  comparatively  smooth,  the  psalterium  is  duplicipli- 
catc,  with  20  or  so  primary  laminaD,  a  large  ileo-caecal  gland,  a  gall- 


•  (6'i/7>m,  y.  400.) 

t  "  Proceedings  of  the  Zoological  SocictT,"  1875,  p.  177. 


THE  CHINESE  WATER-DEER.  425 

bladder,  three  and  a  half  colic  ooils,  and  a  specialized  linear  cotjle- 
donarj  arrangement.  In  other  words,  Hydropotes  is  iypically  Cervine, 
whilst  Moschus  is  any  thing  bat  so. 

To  what  group  of  the  Cervidsa  Hydropotes  is  most  allied  there  is 
still  considerable  uncertainty.      That  it  is  not  allied  to  the  New-  Pago  792. 
World  type  is  evident  from  its  vomer  not  extending  downwards  to  join 
the  osseous  palate  posteriorly.      That  it  is  not  Gervuline  is  equally 

Fig.  2. 


Brain  of  Hydropotes  inermu  (still  born). 

certain  on  account  of  its  tarsal  cuneiform  bones  being  free  from  the 
naviculo-cuboids.  Its  large  hepatic  Spigelian  lobe  favours  the  view 
suggested  by  Sir  Victor  Brooke,*  that  it  is  most  closely  allied  to  the 
Rusine  Deer. 

•  <*  Proceedings  of  the  Zoological  Society/*  1872,  p.  525. 


426 


POSSIBLE  OAUSE  OF  DEATH  IK  A   TO0KO   SEAL. 


DEATH 


69.  NOTE  ON  THE  POSSIBLE  CAUSE  OF 
YOUNG  SEAL.* 


Pftg<j7!)2.0N  October  1,  1877,  Mr.  G,  MeUin  preeented  to  the 
female  Common  Seal  {Phoca  vitultna)^  which  died  on  the 
Hiima  month.  Ho  obtained  it  from  the  Scilly  Islands  an  SepteiBli^ 
27th,  when  it  had  attached  to  it  the  mdiments  of  the  tunbilicftl  ooni, 
which  dropped  off  on  the  3Qth,  three  dajs  later.  It  mnsl  iherelbrt 
have  been  bom  only  a  few  days.  When  in  the  Societj'8  Gardens  il 
Hucked  milk  freely  from  a  baby-feeding  bottle,  and  exlubtled  no 
pathological  symptoms.  As  it  did  not  take  kindlj  to  the  water*  il 
remained  almost  entirely  oo  land. 

On  poBt-mortem  examination  it  was  foimd  to  be  three  feet  tvo 
inches  in  length  from  the  tip  of  its  nose  to  the  end  of  its  tail,  witmg 
the  back.  Tbe  lungs  were  of  a  dark  red  colonr,  collapsed,  cant 
scarcely  any  air,  and  scarcely  floating  in  water,  otherwise  a 
Page  793,  ling  those  of  a  snffocated  new-born  child.  The  kidneys  were  dark  Oft 
section  being  made  in  the  cortical  portions,  and  quite  white  i 
apices  of  the  cones. 

It  ifl  the  heart  which  was  peculiar,  in  that  neither  the  da 
arterioflQS  nor  tbe  foramen  ovale  waa  obliterated,  and  they  appearedl 
to  be  as  patent  as  they  could  ever  have  been  in  fcetal  life*  Tht 
question  then  suggests  itself  as  to  whether  the  animal  soldered  fhiBi 
cyanosis,  of  which  it  died,  or  whether  in  the  Pinnipedia  the  aemi* 
fcetal  circulation  continues  for  longer  after  birth  than  in  other  msai> 
mala. 

The  creature  having  lived  for  nine  days  in  the  Society^s  GardaB% 
litid  hftviiig  lost  tho  umbilical  rudiment  a  day  before  it  arriveti,  irts 
probably  about  a  fortnight  old  when  it  died,  and  ought,  aooording^lo 
analogy  with  the  human  infant,  to  have  lost  all  traces  of  the  fceiil 
c a rtliao  peculiarities ;  whereas  the  ductus  arteriosus  and  the  fomiNB 
ovale  were  not  even  beginning  to  be  obliterated.  This  cfta  hard^f 
have  been  otherwise  than  pathological,  which  leadfi  me  to  the  iaferanet 
tliat  it  died  morbidly  cyanotic,  perhaps  because  it  lacked  its  nomil 
maternal  milk,  and  so  was  not  in  a  condition  to  repair  its  fcelll  li 
fectiOBB. 


dttJSB 
pearedV 


*  "  Proooodinp  of  tha  Zoobgioal  Society,' 
1877. 


1B77,  pp.  79»-a.    Bmd,  ITer.^ 
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70.  ON  THE  SYSTEMATIC  POSITION  OF  THE  MOMO- 

In  my  paper  on  certain  muscles  of  birds  and  their  value  in  classi-  I^age  100. 
ficationf,  I  have  made  an  error,  which  I  desire  to  correct,  with  refer- 
ence to  the  systematic  position  of  the  MomotidsB.  I  there  included 
them  with  the  CoraciidsB  as  part  of  a  single  family,  characterized 
among  the  AnomalogouataB  by  the  possession  of  a  nude  oil-gland, 
together  with  colic  caeca.  Since  the  time  my  paper  appeared,  I  have 
had  the  opportunity  of  dissecting  several  species  of  MomotidsB,  thanks 
to  the  kindness  of  Mr.  O.  Salvin,  including  Momotus  lessoni,  M.  cequo^ 
tortalisj  M,  brasUiensis  (a  specimen  which  had  lived  in  the  Society's 
(hardens),  Hylomanes  gularts,  and  Eumomota  supercUiarts ;  and  I  find 
that  in  none  of  these  are  colic  caaca  present. 

Further,  in  Hylomanes  gularis  and  Eumomota  swperciliaris  I  find  a  Page  101. 
minute  tuft  on  the  apex  of   the  oil-gland,  although  in  the  several 
species  of  Momotus  there  is  no  trace  of  any  tuft ;  in  fact  they  have  lost 
it,  evidently  since  the  family  was  dififerentiated  off. 

Such  being  the  case,  the  Momotidae  must  be  placed  with  the  Pici- 
formes,  as  defined  by  me,  instead  of  with  the  Passeriformes ;  and  the 
amended  arrangement  may  be  thus  tabulated,  the  TodidsB  and  Momo- 
tidaa  almost  certainly  forming  a  single  family,  as  has  been  suggested 
by  many,  and  which  is  confirmed  by  the  observation  made  by  Dr. 
Murie  that  in  the  Todidae  the  beak  is  serrate.;^ 

Anobialoqonata. 

Aves  Pici formes.  Aves  Passeriformes, 

Bucerotidaa.  Goraciidaa. 

Alcedinidae.  Steatomithidaa. 

r  Momotidaa.  Caprimulgidaa. 

1  TodidaB.  Galbulidaa. 

r  Rampbastidae.  Meropidaa. 

<  Capitonidaa.  Trogonidaa. 

LPici.  Bucconidaa  (?). 

Passeres. 


1878 


Proceedings  of  the  Zoological  Society/*  1878,  pp.  100-2.    Bead,  Jan.  15, 


t  **  Proceedings  of  the  Zoological  Society,"  1874,  p.  123.     (Snpri^,  p.  222.) 
"   '  Proceedings  of  the  Zoological  Society,"  1872,  p.  671. 
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In  fnrtlier  fa%*otir  of  the  mclusion  of  the  Momotida?  wi 
formea  may  be  mentioned  the   pterylographic    peculiaritj'l 
thorn  all^  namely  that  the  outer  pectoral  branch  of  the  infer 
Bepai*at4}d  ahuost  entirely  from  the  inner  branch,  ^th  whick  l 
for  nearly  ita  whole  distance^  or  entirely,  in  the  Fasserifonnea 

From  a  skin,  I  have  been  able  to  determine  that  the  dee 
tendons  of  the  leg  of  Todns  vhidU  aina  arranged  on  exactlj  tJ 
plan  in  it  as  in  the  Momotidos,*  and  that  its  tensor  patagii 
also  ternnnatcs  in  exactly  the  same  manner  as  it  does  in  the 

The  syrinx  of  the  Momotidte  has  never  been  fully  deecril 
as  I  am  aware.     I  therefore  exhibit  a  fignre  of  it  as  it 


B 


\ 


\ 


Sjiinx  of  MomoiMM  UmohL 

Momotm  leisonif  which  resembles  that  of  the  other  specie 
have  examined.     Fig.  A  is  the  anterior  view;  B»  the 
Page  102.        '^^^  large  cartilaginous  three-way  piece,  in   which  tl 
terminates  inferiorlyi  is  compound,  being  formed  of  Bereral 
It  is  complete  in  front,  being  represented  behind  by  a  hookfl 
on  either  side,  extending  inwards  towards  the  middle  line, 
two  nearly  meet.     The  lateral  mnscles  of  the  trachea  extc 
the  upper  margin  of  this  peculiar  syrinx ;   and  a  few  of  \ 
fibres  tjontinue  onwards  to  the  surface  of  the  cartilaginc 
they  terminate,  sometimes  higher  and  sometimes  iower^  1 
before  reaching  its  infenor  margin. 


•   jyde  **  ProcoedingB  of  tlio  Zoological  Sodetj,*'  1875,  p.  344. 
t  nde  "  Proceedings  of  t!ic  Zoological  Sooiotj,**  1876»  p.  611. 
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71.  NOTE  ON  THE  GIZZARD  AND  OTHER  ORGANS  OF 
CA  RPOHiA  GA  LA  TEA  NS.' 


I 


Ih  tlie  collection  of  birds  preserved  in  Bpirit  by  H,M.S.  **  Challenger  **  Pajf©  102. 
is  the  body  J  after  tbe  skin  bud  been  removed,  of  a  single  specimen  of 
Ca^yophaga  latrans^  together  with  the  gizzard  of  a  second  individnal 
of  the  Bamc  species,  obtained  at  KandavQ,   Fiji,      These  form   the 
material  for  the  present  commnnication. 

In  his  note -book  Mr,  John  Murray  makes  the  following  remarks  on 
the  speciest ;  **  Stomach  contained  the  fruit  of  some  tree  nnkiiown  to 
me.  The  coat  of  the  stomach  had  hard  papilla-like  OBsificationu  of  a 
circular  form,  two  or  three  rows.  ,  .  .  These  indurations  are  com- 
posed of  a  homy  substance  " — from  which  it  is  seen  that  Mr.  Murray 
was  the  first  to  recognize  the  exListence  of  the  strange  arrangement  to 
be  here  described. 

The  thin' walled  and  ciipacious  crop  contained  only  one  thing  in 
its  interior— a  complete  finiLt,  which  has  been  identified  for  me  by 
Mr*  W.  T.  Thiselton  Dyer,  as  that  of  Oncocarpus  viiimm^.  In  the 
gizzard  was  also  found  a  portion  of  a  second  example  of  the  same 
frait, 

Ofwocarpia-  vitiensis  is  a  tree  belonging  to  the  natural  order  Ana* 
cardiace©,  which,  according  to  Dr.  Soemannji  is  "  about  sixty  feet  high, 
bearing  large  oblong  leaves  and  a  very  curious  corky  fruit,  somewhat 
resembling  the  seed  of  a  walnut.''  The  tree  is  inclnded  among  those 
which  are  poisonous  by  the  Fijians ;  and  its  sap  produces  an  intense 
itching  of  the  skin,  when  brought  into  contact  with  it,  whence  the 
native  name  Kau  Karo  or  itch-wood. 

For  the  cniahiijg  of  this  vei-y  hard  fruit  a  special  anatomical 
modification  of  the  gizzard-walla  of  thia  Fruit-pigeon  is  developed, 
which  is  peculiarly  interesting  and  tends  to  prove  the  plEisticity  of 
organs  when  aberrant  forces  oome  into  play. 

The  gizzard  is  not  developed  to  anything  like  the  extent  that  it  is 
in  tbe  Gallinre  or  Anseres,  but,  as  in  most  Carpopbagine  birds,  is  Pago  108. 
small,  and  has  its  muscular  walls  comparatively  ill -developed.     No 
stones  of  any  kind  were  found  in  it» 

It   is   the   epithelial    lining  which  is  so   peculiar  iu    Carpophaga 


•  "  Proci>cKliiig»  of  the  Zoological  Society/*  1878|  pp.  102-6.     Read,  Jaiu  16, 
1878. 

t   Vide  "  Proc^dinga  of  the  Zoologies,]  S(x*iet  j.'*  l«77,  p.  737. 
X  Set«miinn*5  "  Mission  to  Viti  *'  p.  33k 
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latrafis.  Instead  of  being  smooth,  or  folded  into  plications*  as  is 
nsnally  the  case,  its  surface  is  raised  into  homy  cones  which  closely 
resemble  in  appearance  the  tubercles  for  the  attachment  of  the  spines 
of  the  Echinoderm  genus  Ctdaris.  In  fig.  1,  a»  the  interior  of  the 
gizzard  is  represented ;  fig.  I,  6,  is  a  section  of  one  of  the  cones  resting 
upon  the  mnscular  gizzard-wall. 

These  conical  processes  are  corneous  throoghont,  are  erect,  and 
are  quite  transparent  when  cut  into  sections.      There  are  twenty- 

Fig.  1. 


Interior  of  the  gizzard  of  Carpopka^a  latranM. 

three  of  them,  large  and  small,  in  each  of  my  specimens.  The  larger 
cones,  which  are  the  more  numerous,  average  seven  millimetres  in 
diameter  at  their  bases,  their  axial  length  being  about  four  millimetres ; 
the  smallest  cone  is  four  millimetres  across  and  of  nearly  the  same 

height. 

The  cones  are  arranged,  close  to  one  another,  in  a  fairly  regular 
manner  upon  the  two  muscle -masses,  being  distributed  in  rows  of 
three,  counting  either  transversely  or  longitudinally.  This  disposes 
of  eighteen  of  the  twenty-three  cones.  The  remaining  five  are  found 
on  the  tendinous  intermuscular  walls  of  the  organ,  in  longitudinal 
rows,  two  in  one  row,  three  in  the  other. 

A  section  of  any  one  of  the  cones  demonstrates  that  it  is  not  in  the 
least  ossified,  but  corneous  throaghout,  and  of  about  the  density  of 
ox-horn.  It  is  also  seen  that  the  attached  sarface  of  the  epithelium 
does  not  participate  in  the  undulations  of  the  free  surface,  being  quite 
smooth.  Neither  does  it  send  any  processes  into  the  cones.  Between 
the  cones  the  epithelium  is  yielding,  and  only  semicomeous. 

A  still  further  exaggeration  of   this  abnormal  condition  of  the 

Page  104.  epithelium  of  the  gizzard  of  Carpojphuga  latrans  has  been  described  by 

MM.  Jules  Verreaux  and  O.  Dos  Murs  in  Phcenorhina  goliath*  of  New 

Caledonia,  which   "se  uourrit  de  graiues  de  semicarpumy      In  this 

•  "  Hevuc  et  Magaein  de  Zoologie,"  1862,  p.  168. 
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bird  **  le  g^fiier,  d6jh,  od  ne  peut  plus  musculeax  par  Ini-iu^me,  a  sa 
surface  interieure  regnlierement  recourerte  ♦  .  .  do  pointes  v6ri- 
tablement  ossexiflea,  rappeknt  la  forme  de  celles  qui  se  voient  k  la  SDr- 
face  du  corps  de  la  Rata  bouck^e^  ou  Clovel^  on  Clavelade.  Ces  pointea, 
en  c6ne  aplati,  out  lear  base  plane  de  5  millim.  de  diaraetre,  dVne 
hauteur  de  5  4  6  mill.,  BOnt  l^gerement  mclin^es  Bur  elles-ra^mes,  et 
quelqnefois  rccourb^es  par  la  tlessication,  fextreraitc  en  ^tant  mouBse.** 
A  central  fibrous  peduncle  is  also  said  to  run  tb rough  each  osseous 
element. 

Fhxrnorhina  goliath,  from  what  has  been  said  above,  therefore 
differs  from  Oarpophaga  latrmis  in  having  the  cones  of  the  gizzard 
proportionally  longer,  at  the  same  time  that  they  are  ossified  (which 
necessitates  the  presence  of  vessels  in  the  ossification,  which  appear 
afler  death  as  the  fibrous  cord)  and  oblique.  There  is,  however,  a 
great  similarity  between  the  two  organs. 

I  am  informed  by  the  Rev.  S.  J.  Whitraee  that  CarpopJiaga  pacifiea 
in  the  Samoan  Islands  feeds  on  nutmegs,  from  which  it  ia  highly 
probable  that  in  that  sjiecies  the  gizzard-epithelium  is  modified  in  a 
manner  similar  t-o  that  of  the  Fiji  or  New  Caledonian  species.  Speci- 
mens of  C,  pacified  preserved  would  therefore  be  of  special  interest  for 
the  determination  of  this  point. 

Fig.  2. 


With  reference  to  the  other  parts  of  Carpctphaga  lalrans^  the 
intestine  is  very  capacious,  only  nine  inches  long,  and  ti'anaversely 
sacculated  from  the  contraction  of  it^  outer  longitudinal  muscular 
coat,  this  producing  the  appearance  of  thirty  bold  transverse  folds  on 
the  mnoons  surface.  There  are  no  colic  ceeca ;  and,  as  in  the  genus 
Carpojthagiij  generally,*  the  gall-bladder  is  well  developed.  The 
liver-lobes  are  equal  in  size. 


I'ide  "  Prwwdiiigi  of  the  Zoologicid  Society,"  1874^  p.  258.     {Supr^,  p,  239.) 
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BigtlOS.        The  sjrinit  (fig.  2,  p,  431)  is  Columbine,  witb  it®  lal^rftl 

attached  inferiorly  to  the  membrane  between  the  penttltiiimli 
antcpeualtimate  tracheal  rings.  The  traehea  is  e^Tupostnl  of 
which  are  verj  yielding  in  the  middle  line  posteriorly.  As  o 
seen  in  the  fignrep  the  mnBcnli  Btemo^trachealeSf  which  are  io«d 
dent  of  the  intrinsic  mnscles,  are  not  quite  sjrmmetticallj  tktiBiclu 

The  foTGnla,  as  is  the  mle  in  the  BnbfamiJj,  ta  veiy  sleside 
complete,  wherein  thig  apeoiea  differs  from  Ph^norhina.  ^olia 
which  it  i&  cartilaginons  at  ita  aymphjBial  end,  ftceordiug  M 
Verreanx  and  De©  Mnrs.*  ^ 

Myologicallyi  the  atnhiens  is  to  be  fonnd,  not  large ;  tlie  fe 
caudal  with  its  accegaorj  head  are  well  developed ;  the  senutend] 
and  itB  acceBaorins  are  the  same. 

There  are  two  carotids;  so  that  in  this  as  well  as  all  tl»e 
features  above  mentioned  Garpupfnuja  latram  agrees  with  mj  defi 
of  the  diyision  of  the  Columbidee  into  which  it  natnrally  laJ] 
g\^mvd  differing,  however,  from  that  of  all  bat  one  of  tJie  w\ 
which  hare  been  examined. 
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THE  ANATOMY  OF  TOLYPEUTE& 
WITH    REMARKS    ON    OTHER    AR 
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Pa^o  222.  Thb  Society  pttrehased,  on  th©  3rd  of  October  1877,  a  j< 
female  living  specimen  of  the  Apar  (ToUjpeutes  trtcimttt^}^  which 
the  fir^t  example  of  the  speciea  exhibited  alive  in  th©  Gardens, 
probably  the  first  ever  brought  alive  to  this  country*  It  was  in 
health  on  its  arrival,  and,  never  recoveringj  died,  withont  any  vi 
lesion,  on  the  27th  of  December  following.  Its  death  has  given 
an  oppoi'tunity  of  determining  some  of  the  most  important  point 
its  anatomy,  which  may  be  accepted  as  a  supplement  to  Dr,  Mn 
.  valuable  and  elaborate  memoir  on  Tolfjpeutes  connrtis  in  the  "  Ti 
actions  of  the  Linnean  Society /'J 

The  measurexnents  of  the  specimen  under  consideration   ar 
follows : — 


•  Lae.  eiL  p.  140. 

t  "PttKsoediiigB  of  the  Zookgicul  Societj/*  1878*  pp.  32^S30. 
187ft. 


Head,  F«bi 


w 
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From  tip  of  nose  io  base  of  tail 12  55 

Length  of  bead 2*8 

Length  of  tail 21 

from  which  it  is  evident »  on  comparison  with  the  table  of  measure- 
mentfl  of  the  specimens  in  the  national  collection  given  below,  that  the 
individual  was  not  adult,  but  fairly  grown. 

The  differences  between  the  two  known  species  of  the  gennt*  Toly- 
peutes  are  so  Blight  that  it  may  be  worth  while  referring  to  them  before 
going  further.  It  is  to  M.  Geoffroj  Saint- Hi lai re  that  we  owe  the 
discovery  of  the  second  species  (T.  conurus)  ;  and  his  most  lucid 
description  is  to  be  found  in  the  **  Comptes  Rendus  *'  for  1847.* 
Therein  the  history  of  the  Apar  is  fnlly  expounded,  references  beings 
given  to  all  previous  important  accounts  of  the  animal. 

It  18  in  the  central  portion  of  the  cephalic  shield  that  the  moat 
important  peculiarities  are  to  be  seen.  The  marginal  plates  of  the 
posterior  two-thirds  of  this  shield  form  a  regular  series,  and  enclose 
other  larger  plates — -namely^  a  posterior  median  plate,  followed  ante- 
riorly in  T.  tncmdus  hy  a  pair  of  plates,  in  front  of  which,  again,  is  Pftgo  223. 
another  smaller  pair. 

In  T.  conutm  the  posterior  median  plate  is  followed  by  a  single 
larger  plate,  and  that  by  a  pau*  of  plates  the  transverse  breadth  of 
which  is  greater  than  that  of  the  second  median  plate  behind  and  in 
contact  with  ifc.  In  Bg.  1  (p.  434),  a  and  h  exhibit  these  features,  as  well 
as  their  effect  in  causing  the  characteristic  difference  in  the  general 
shape  of  the  cephalic  shield  of  the  two  species— that  in  T.  tnmnctus  being 
triangular,  with  its  greatest  breadth  opposite  the  posterior  of  the  pairs 
of  plates,  that  in  T,  conurus  being  oval,  with  its  greatest  breadth  op- 
posite the  single  pair  of  plates. 

On  referring  t-o  the  beautiful  il  lustra tions  given  by  Dr*  ilurie  of 
the  animal  dissected  by  him,t  the  cephalic  shield  of  which  is  here  re- 
produced in  outline  (fig*  1  [p.  434],  r)^  it  i.s  evident  that  it  does  notcorre- 
S|>ond  with  either  of  those  above  described ;  and  I  may  mention  that 
there  is  a  skin  in  the  national  collection  (Brit,  Mus.  spec.  140  a)  which 
agrees  with  it.  In  these  the  posterior  median  plate  is  followed  by  a 
fiecond  larger  median  plate,  as  in  T.  conurtts^  and  that,  more  forward,  by 
a  small  median  plato  in  association  with  two  email  lateral  plates.  The 
difference  makes  mc  feel  justified  in  establiiihing  a  third  species  of 
Tohjpent^^y  based  upon  Dr,  Marie's  figure^  together  with  the  skin  in 
the  national  collection  above  referred  to,  for  which  I  would  suggest 


♦  Vol,  HIT.  p.  572. 

t  "  Trans.  Linn.  Soc."  ToL  xix.  pL  tiii.  fig.  3. 
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Page  224.  the  name  Tolt/peutes  muriei^  after  the  author  who  has  so  well  de 
its  structure.  Dr.  Murie's  figure,  being  based  upon  a  photogi 
the  specimen,  is  thoroughly  reliable. 


II 


Fig.l. 
h 


a.  T.  trieincfus. 


b.  T.  conurus. 
Cephalic  ehields  of  Tolypeutet, 


e.  T.  mmriei 


M.  Is.  Geoffroy  St.-Hilaire  has  so  well  differentiated  T.  tri 
and  T.  conurus  that  it  will  be  necessary  for  me  only  to  mention 
the  former  there  are  five  toes  on  the  fore  feet  (as  in  the  Sc 
specimen  in  my  possession),  whilst  in  T.  conurus^  following  the  a 
of  the  discoverer  of  tlio  species,  there  are  **  trois  doigts  seul 
avec  le  rudiment  d'un  quatrieme,  aux  pattes  ant^rieures  (ce  ru( 
represente  le  doigt  interne).  Point  de  doigt  exteme."  The  sa 
marks  apply  to  T,  muriei ;  for  in  the  specimen  in  the  British  M 
there  are  four  toes  on  each  fore  foot,  whilst  in  Dr.  Murie*s  e: 
the  pollex  was  not  present. 

The  tail,  with  its  infundibuliform  armature,  is  distally  c 
with  four  pairs  of  small  rows  of  plates,  arranged  in  longitudina 
there  being  one  superior  and  one  inferior  pair,  one  supero-later 
one  infero- lateral.  In  T.  tricinctv^s  the  whole  organ  is  flattenec 
above  downwards;  in  T.  couurus  and  T.  muriei  it  is  not  so.  Tv 
a  quarter  inches  appear  to  be  its  extreme  length  along  its  dorsaJ 
in  all  but  the  largest  individuals,  where  it  may  reach  two  and 
inches.  I  do  not  find  that  the  different  species  differ  in  the  lei 
this  appendage,  which  is  correlated,  as  far  as  its  length  goes,  wi 
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leugth  of  the  head,  on  the  right  side  of  which  it  always  lies  when  the 
animal  is  rolled  up.* 

I  can  find  no  important  differences  among  the  species  in  the  ante- 
rior portion  of  the  carapace.  In  the  three  free  transverse  semizones 
T.  conurus  and  T.  muriei  agree,  and  differ  from  T.  tridnctiis  in  that  the 
terminal  or  marginal  lateral  scutes  of  each  zone  (which  with  the  scute 
above  on  each  side  of  each  zone  are  less  tuberculated  than  the  rest,  to 
reduce  the  friction  when  the  animal  rolls  itself  up)  are  more  detached 
from  the  second  scute,  are  more  rounded,  and  are  smaller  propor- 
tionately. 

In  the  posterior  moiety  of  the  carapace  of  T.  conurus  and  T,  mimei 
fifteen,  sixteen,  seventeen,  or  eighteen  rows  of  scutes  can  be  counted 
along  the  middle  line  from  before  backwards  if  the  marginal  scutes  are 
included  in  the  numeration ;  in  T.  tricincttis  I  never  find  more  than 
thirteen  or  fourteen  rows. 

In  T,  tricinctus  only  there  is  a  triangular  area  composed  of  small 
scutes,  with  its  apex  directed  downwards,  and  basally  in  contact  with 
the  cephalic  shield,  which  interpolates  itself  between  the  eye  and  ear 
on  each  side. 

The  following  measurements  of  the  specimens  of  the  different 
species  in  the  national  collection  may  prove  of  service  in  determining 
the  proportions  of  each.  They  demonstrate  that  the  head  is  decidedly 
shorter  than  the  anterior  moiety  of  the  carapace  in  T,  tricinctus^  whilst 
in  T,  conurus  and  T.  muriei  it  is  nearly  always  longer;  that  in  T.  tri- 
cinctus the  head  is  more  than  half  the  length  of  the  posterior  moiety  of 
the  carapace,  whilst  in  the  two  other  species  it  is  not  so  much  as  half 
that  measurement. 


T.  tri- 
cinctus. 

T.  tri- 
cinctus. 

T.  tri- 
cinctus. 

T.  conu- 
rus. 

T.  conu- 
rus. 

T.  conu- 
rus. 

T.  co- 
nurus. 

T, 
muriei. 

T. 
muriei. 

Length  of  ce- 
phalio  shield 

in. 
3 

in. 
2-9 

in. 
2-9 

in. 
2-75 

in. 
2-75 

in. 
2-76 

in. 
8 

in. 
8  1 

in. 
P 

Len^h  of  an- 
tenor  shield 

3-2 

3-3 

8-4 

2-75 

2-55 

-2-65 

8  1 

2-8 

2-66 

Length  of  pos- 
terior shield 

5-8 

5-76 

5-7 

6-6 

5-75 

5-8 

6-75 

6-8 

6-3 

Length  of  tail 
(upper 
aspect). 

P 

2-25 

2-25 

2-2 

2-2 

2  2 

2-6 

P 

P 

B.M.49, 
3,  12,  1. 

B.M. 
no.  140  b. 

B.M. 
no.  140  c. 

B.M. 

no.  140  A. 

B.M.62, 
8,24,10. 

B.M.  46, 
9,28,36. 

B.M. 

B.M. 
no.  140  a. 

Dr.  Mu- 

rie's 
specimen. 

•  Dr.  Murio  figures  the  tail  on  the  left  of  the  head  (/.  c.) — the  photograph  from 
which  the  drawing  was  made  not  having  hcen  reversed,  most  prohablj. 

2  F  2 
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It  aliouM  also  be  mentiotieti  tliat  in  T.  irkir^ttm  Iber©  \M 
more  liair  on  the  carapace  at  the  posterior  margms  of  tbo  scntfii  I 
in  tlie  two  other  species,  and  that  it  has  only  eight  teeth  om  cac^  lid* 
of  eacli  jaw,  whilst  both  in  T.  eonums  and  in  T.  murim  there  iw 
mne. 

All  the  spectmanB  of  the  genus  Tolypeutes  agree,  as  far  as  mjf  €t* 
ptjrience  goes,  iti  the  maooer  io  which  their  cerrieal  Tertebrae  ankj* 
lose— the  atlas,  together  with  Tertebra?  5*  6,  and  7  alone  being  froe- 

ConceTiuDg  the  geographical  distribEtion  of  the  genns  Tol^fpf^^ 
the  localiti^  whence  both  Dr.  Mnrie's  and  my  specimen  were  oh* 
tained  cannot  be  determined,  they  ha^ng  been  both  ponshased  of 
dealers. 

The  specimen  140  a  in  the  British  Mnsonm,  of  T»  murim^  wM  pit* 
aented  by  Burnett  and  Fitstroy,  and  therefore  must  have  probably  wm» 
from  some  part  of  the  coast  of  La  Plata  or  Patagonia. 

A  national  specimen  of  T.  conura^  is  marked  as  having  eome  ftoni 
BoliTia.  Another  of  the  same  species,  in  the  moflenm  of  the  Royal 
College  of  Snrgeons,  was  presented  by  Mr.  Darwin. 

The  type  specimen  of  T.  cmmrus  was  obtained  in  the  proTinetrf 
Santa  Omz  do  la  Sierra,  Bolivia ;  and  for  a  cast  of  its  ceph^Uic  ihiiU, 
from  which  I  have  been  able  to  determine  the  oorreetneaa  of  thfr 
nomcnclattire  above  adopted,  I  have  to  express  my  very  best  thanki  l» 
Professor  Alphonse  Milne- Edwards, 

The  Bpecioi  described  bj  Bnrmeister*  from  Buenos  Ayn^  k  7. 

Azara  fonnd  a  four- toed  species  in  Paragnay ;  it  was  therefore  no* 
T,  tricinctus. 

The  brain  of  no  species  of  Tolypeutes  has  been  described.  Dr.  Muiie 

haying  met  with  an  accident  with  his  specimen.     By  (Jervais  a  CMi  ii 

Page  226.  fignred  of  the  interior  of  the  sknll,  which  demonstrates  the  large  nie 

of  the  olfactory  ]obes,t  together  with  its  general  proportions,  and  bvl 

little  more. 

Our  knowledge  of  the  brain  of  the  Dasypodidse  has  been  mndi 
increased  by  a  paper  from  the  pen  of  Prof.  Tnmer  in  the  first  yohuM 
of  the  *'  Jonmal  of  Anatomy  and  Physiology  "|  on  the  brmin  of 
Ddsypiis  sexdnctuSf  in  which  the  bibliography  of  the  sabjeot  is  fsDy 
given. 

The  general  appearance  of  the  brain  of  Tolypeutes  tricindus  diffen 
bat  little  from  that  of  Dasyptis  sexciiictusy  whilst  in  snrface-markiiigt 
it  mnch  more  closely  resembles  that  of  Tatusia  peha^  as  fignred  by 


I 


•  **  Aunales  del  Museo  Publico  de  Buenos  Ayres,"  1871,  torn.  ii.  p.  117. 
f  "Les  formes  c^robrales  des  fidentAtes/*  Nout.  ArchiT.  du  Mut^ain,  186B^ 
torn.  T.  pi.  ii.  fig.  8.  J  1867,  p.  818. 
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Ra,pp,*  being  comparativolj  Biraplo  in  its  gjration.  Tliere  19  not 
that  difference  in  the  brcarlth  of  the  anterior  and  posterior  portions  of 
the  cerebral  hemisphei-ee  which  ia  found  in  Ikisyptt^  sexcincius. 

The  Sylvian  fissnre  ia  only  ropreaented  by  an  open  and  very  shallow 
angle,  above  which,  on  the  snrface  of  the  hemisphere,  ia  a  Blight,  partly 
encircling,  Bhallow  groove  of  some  length,  separated  from  it  by  a  very 
short  distance  (viile  fig.  2,  c). 

Fi^.  2. 


^ 


d 
Brain  of  Toltfpeutet  tHciwciu*. 

The  large  olfactory  lobes  are  mnch  broader  than  they  are  deep. 

On  the  snrface  of  each  cerebral  heroi sphere  there  are  two  snlci. 
One  of  these,  the  anterior^  is  horizontal,  and  divides  the  frontal  lobe 
into  an  npper  and  a  lower  part.  Its  onter  extension  is  nearly  to  the 
lateral  margin^  not  going  backwards  more  than  one  fifth  the  length  of 
the  hemispbere.  Internally  it  ceases  on  the  flat  interhemispheral  sur- 
face as  far  backward  as  its  outer  end  {mde  ^g.  2,  a). 

The  second  sulcus  is  upon  the  superior  cerebral  surface » running  from 
behind  forwards  and  inwarde.  Posteriorly  it  commences  at  the  outer 
posterior  angle  of  the  hemisphere  a  short  distance  from  its  extremity*  Page  227. 
It  does  not,  therefore,  turn  round  the  posterior  end  of  the  hemisphere 
to  become  continuous  with  the  fissure  of  the  hippocampus^  as  it  does 
in  Da>sypus  sexcmciu'i.  Anteriorly  it  ceases  in  the  middle  of  the 
superior  snrface  of  the  frontal  lobe,  a  short  distance  behind  the  con- 
vei  margin  of  its  upper  moiety,  and  at  abont  the  tmnaverse  level  of 
the  ends  of  the  anterior  sulcus.  The  general  direction  of  this  sulcus 
is  horizontal  when  viewed  from  the  side,  it  being  slightly  curved,  with 
its  convexity  downwards* 


'  KdenUiteR/*  tab.  viii.  Hg.  3. 
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The  sulcus  preset  on  the  superopamtal  cereBr^  surface  of  Diufpmi 
iC^cmct^iM  is  eutirelj  absetit  in  Tolffpeutm  tri^mctus. 

The  internal  e^^rebml  snrfaoe  v^erf  close! j  resembles  that  of  Dasfpm 
t^^incius  as  figured  bj  Profi>saor  Tamer.  Tlie  eorpos  ciktlosajn  ift 
short,  poinkMi  in  front,  iuelined  obliqQeljr  upwards  and  ba^kwanli, 
being  rounded  and  tbick  posteriori j,  where  tt  becxiiii«8  contmao^ 
with  tbe  psatterinm  of  tbe  fomiJt.  The  anterior  eommiHwiTe  is  wdQ 
developed.  The  sides  of  the  corpus  callosnm  are  very  mach  npinroed 
The  calloso marginal  sulcus  is  feeblj  represented,  being'  of  aboai  the 
length  of  the  corpus  calloanm,  and  sitoate  at  a  level  a  little  antefitJir  lo 
it  (pide  Bg,  2,  d,  p,  437), 

The  corpora  quadrigemina  are  large,  and  separated  by  a  de«^  laa* 
gitadinal  Ossdi^  the  pineal  gland  being  extremely  stnalL  In  th§ 
natnml  position  of  the  spirit- preserved  specimen  it  was  qnii©  impoanUi 
to  cover  the  tci^tes  by  the  posterior  margins  of  the  cerebral  heEilli|iiMrai 
wbich  leads  me  to  think  that  FrDfessor  Turner  is  hardly  juililbd  M 
his  corre^tioii  of  Tiedemann,  Cmveilhier,  and  3tamuas»  who  til  mj 
tliat  the  corpora  quadrigemina  are  nncovered  by  the  oercbratii  (in  port 
at  least)  {tnde  fig.  2  n,  p.  437), 

The  median  and  lateral  lobes  of  the  oerebelium  are  nearly  equal  in 
size*  The  medulla  is  very  large,  and  the  fifth  nerve  is  enormons.  TIm 
optic  nerves  and  commisanre  are  insignificantly  small  I  could  not  set 
any  corpora  albicantia^ 

With  reference  to  ike  visceral  anatomy  of  Tolt^pmUes  irieinthu^  the 
ion^us  was  2^  inches  long  in  my  specimen,  and  '4  tncb  broad  at  the 
base*  It  is  soft  aud  donga tc-triangnlar  (lanceolate)  in  shape,  flfiT  tenai 
above.  No  circumvallate  papillae  are  visible,  the  others  being  inooii« 
spicuous  and  uniformly  distributed.  On  the  palaie  there  are  nine 
larger  and  smaller  transverse  ridges  on  each  side,  the  interval  between 
the  last  pair  of  molar  teeth  being  smooth.  The  number  of  teeth  is 
eight  above  and  seven  below,  on  each  side. 

The  epiglottis  is  slightly  indented  by  a  notch  in  the  middle  line; 
and  the  soft  palate  embraces  it,  so  that  the  rima  glottidis  opens  into 
the  posterior  nares,  as  in  so  many  mammals,  during  ordinary  respira- 
tion.    A  tonsilitic  pit  exists  on  eaeh  side  of  the  fances. 

The  lungs  are  divided  into  four  lobes  on  the  right  side,  and  two 
on  the  left.  In  most  Dasypodidae  there  are  three  lobes  on  the  left 
side  ;  but  in  the  animal  under  consideration  the  two  upper  were 
blended.  This  is  said  by  most  authors  to  be  the  number  of  lobes 
of  the  right  lung  ;  but  I  always  find  a  fourth  azjgos  lobe  as  well, 
hidden  behind  the  heart,  in  the  genera  Basypus  and  XenwruM^  ab- 
sent in  Tatmia,  Dr.  Murie's  figure  of  the  lungs  scarcely  differs, 
Pago  228.  except  in  the  absence  of  division  of  the  left  upper  lobe,  from  my 
specimen. 
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The  stomach  is  of  t!ie  ordinary  shape,  with  but  a  short  Ifisaer 
carvatare»  It  is  muscular^  but  not  powerfully  so,  at  its  pyloric  end. 
Along  its  greater  cnrvature,  when  laid  out  fiat,  it  raeaaures  6^  inches. 

The  Mver  has  the  lateral  fissures  deep,  whilst  the  umbilical  fissure 
IS  comparatively  insignificant.  The  gall-bladder  is  partly,  but  not 
deeply,  embedded  in  the  abdominal  surface  of  the  right  central  lobe. 
The  Spigelian  lobe  forms  a  short  rounded  cone,  Tery  broad  at  its 
base.  According  to  the  method  elsewhere  suggested  by  me,*  the 
formula  of  the  bulk  of  the  lobes  is  thus  expressed — 

L.L.  li>ll.C.>R.L.  2>L.a  2>C. 

The  small  intestines  measure  75  inches,  the  large  intestine  6*5 
incbes.  There  are  no  creca;  but  there  is  an  abrupt  change  in  the 
diameter  of  the  alimentary  canal  at  the  ileo-ca&cal  valve,  as  in  T. 
conurus  and  in  the  genus  Tatusia. 

The  uterus  is  triangular,  the  fundus  being  perfectly  straight  when 
viewed  from  in  front,  and  the  Fallopian  tubes  joining  it  at  the  ex- 
treme upper  and  outer  angles.  The  conical  clitoris  is  an  inch  long; 
and  the  genito-uriuary  orifice  is  a  longitudinal  slit  0*3  inch  from  its 
apex. 

Among  the  various  papers  on  the  visceral  anatomy  of  the  Dasy- 
podidfB  I  may  refer  to  Hun ter*B  description  of  Tatusia peha^f  Professor 
Owen^s  account  of  the  sarao  species,  and  of  Das}jinw  sexcinctus^X  ^^^ 
Hyrtl's  monogi*aph  of  Chla7}iijtlophonts  tritncatu^,^  To  these  I  may 
add  my  own  notes  on  Xenunis  unicinctiis,  together  with  those  upon  the 
other  species  which  have  passed  through  my  hands,  as  an  assistance 
towards  the  determination  of  the  affinities  of  Tolt/peutes, 

In  Xemirtts  itnkinctiiH  the  gall-bladder  is  so  deeply  embedded  in 
the  tissue  of  the  right  hepatic  lobe  that  it  nearly  penetrates  to  its 
diaphragmatic  surface.  This  I  find  to  be  the  case  in  Da^ijjniit  villosusj 
D.  s&eciucf  us  J  and  IJ*  veUerostisi  Avhilst  in  Tatu^ta  hifbrida  and  Toll/ ^ 
peutes  tricuictus  it  is  much  lesju  sunk.  The  cystic  duct  is  very  much 
twisted  in  a  corkscrew  manner.  The  proportional  bulk  of  the  bejmtic 
lobes  ifl  almost  exactly  the  same  as  in  Tohfpeufes  trie t net m.  In  Tatasia 
peha  and  T,  hybrida  the  right  centi-al  lobe  is  the  largest,  not  the  left 
lateral.  In  TiUusCa  the  umbihcal  fissure  is  less  significant  than  in 
DasifpuSf  Xerturus,  or  Tohjjienteg, 

The  junction  of  the  large  and  small  intestines  in  Xenunis  is  as  in 
Taittfia  peha  and  T.  hyhrida,  there  being  no  ctecal   dilatations,   aa 


*  ''  Froceedings  of  the  Zoological  Sooiotj,"  1875.  p.  57.     (Sitprdf  p.  27i.) 
f  ^'EssajB  and  ObfiservatiouB  on  Natural  History,'*  1861,  toI.  ii.  p.  182. 
J  *'  Proceedings  of  the  ZoologscuJ  Society/*  1S31,  pp.  141  and  15i,  and  "  Pro- 
cpfdjugi  of  the  Zoological  Societj/*  1832,  p.  130. 
§  •*  Dciikiichr.  der  kuia*  Akad.  Wicn,"  it.  1855. 
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there  are  in  Dasypus  vilUmis,  D.  texdndus^  D.  minviue^  and  D.  vd- 
lerosus. 

The  following  measnrements  of  the  intestines  demonstrate  their 
relative  lengths : — 
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Small  intestine  . . 
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Large  intestine  . . 

1-5 
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1-25 

7  0 
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In  Xenurus  unicinctus  the  yesicnlad  seminales  are  not  present,  the 
distal  ends  of  the  nreters  heing  enlarged.  Cowper*8  glands  and  a 
prostate  are  present ;  and  the  apex  of  the  glans  penis  is  not  trilohed 
as  in  Tatusia^  hnt  simple,  as  in  Dasypus  and  Tolypeutes,  The  penis 
itself  is  huge.  In  Tolypeutes^  according  to  Dr.  Mnrie,  the  Tesicolse 
seminales  are  also  absent. 

In  Tatusta  peba  and  T.  hyhrida  the  vesicnl®  seminales  are  large, 
and  there  is  a  pair  of  lateral  lobes  to  the  apex  of  Uie  glans  penis.  The 
whole  penis  is  proportionally  smaller  in  Tatusia  than  it  is  in  Dcuypus, 
as  is  the  clitoris.  In  these  respects  Tolypeutes  and  Xenurus  agree  with 
Dasypusy  mj  experience  being,  as  far  as  the  male  organs  of  Dasypus 
are  concerned,  confined  to  D.  sexcincfus. 

In  Dasypus,  Tolypeutes,  and  Xenunis  there  are  only  a  pair  of 
nipples,  in  Tatusia  there  are  two  pairs.  In  Xenurus  unicinctus  the 
nterus  is  triangular,  as  in  Basypus  and  Tolypeutes. 

The  brain  of  Xenurus  is  intermediate  in  its  form  and  surface-mark- 
Page  230.  ings  between  Basypus  and  Tolypeutes.  The  hemispheres,  when  viewed 
from  above,  are  considerably  broader  posteriorly  than  anteriorly,  as  in 
Basijpus.  The  olfactory  lobes  are  large ;  and  the  corpora  qnadri- 
gemina  are  completely  covered.  The  oblique  sulcus  on  the  back  part 
of  the  superior  surface  of  each  hemisphere,  which  runs  forwards  and 
outwards,  is  present,  as  in  Basypus,  but  it  is  very  short.  The  two 
other  sulci  are  well  developed,  that  in  the  frontal  portion  being  longer 
than  in  either  Basypus  or  Tolypeutes.  The  upper  or  second  sulcus 
runs  from  in  front — near  the  anterior  internal  angle  of  the  superior 
surface  of  the  hemisphere — backwards  and  outwards  for  some  distance, 
but  not  nearly  as  far  as  the  posterior  margin  of  the  cerebrum,  it  ceas- 
ing a  little  behind  the  level  of  the  outer  extremity  of  the  posterior 
oblique  sulcus.  In  this  respect  it  resembles  Tolypeutes  and  difiers  from 
Basypus  {vide  fig.  3). 
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It  is  to  Professor  Owen  tbat  we  are  indebted  for  our  knowledge  of 
the  great  differences  between  the  colic  cajca  and  female  generative 
organs  of  the  genera  Tatima  and  Dastjpns.  These  facta,  when  taken 
in  association  with  other  eharactera  above  brought  forward  and  re- 
ferred to,  may  be  thus  tabulated  :— 


i>fUf|y«#. 


Ears  apart* 
Kipples  2. 
t'teruM  trianpilar, 
£xten]ikl  g^tiitnim 

Gktiipenu  limple, 

TetienJttseiniiudM 

abifiit. 
Lal«ml  colic  cscft 

preflcDt, 
Azjgot     lobe    of 

lutig  pit!««ni. 


Tolypemt0*. 


Fars  apart. 
Nipples  2. 
Ulerua  triangular. 
EscttTtml  genitalia 

Glajis  penis  aim  pie, 

YeamiliB  seminalci 

abfl«nt. 
No  colic 


Ajjgos     lobe 
lung  present. 


Ears  apart* 
Nipples  12. 
Uterus  triangulnr. 
Eitomiil  genltiilia 

enormoua* 
Glana  p^^oifl  mupte. 

y  eaiciiljv  wnniDAles 

absent. 
No  cfyhc  ciEca. 

A2jrgOi  lobe  of  lung 
pre««!it» 


Lateral  eolio  ctbcn 

present. 
Ajt]rgo«lobe  of  lung 

pretfent  (Eljrtl' 


Thns  we  maj  infer  that  the  genera  Dimjpm,  Tohjpeutea,  and 
Xenurm  resemble  one  another  more  than  any  of  them  do  Tatmta, 
Ohlinntjdophorus^  in  other  respects  so  different  from  them  all,  is 
like  Dasypm  alone  in  its  colic  cieca,  like  Dasypus^  Tolifpentes^  and 
X&tiurus  in  moat  respect€|  and  like  Taltisui  only  io  the  shape  of  its 
uterus. 
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73.  NOTES  ON  THE  VISCERAL  ANATOMY  OF  LYCAON 
PICTUS  AND  OF  NYCTEREUTES  PROCYONIDES^ 

Page  373.  Hayino  had  the  opportiuiitj  in  my  prosectorial  capacity  of  diBsecting 
a  male  specimcu  of  Lycaon  pictuSf  as  well  as  several,  both  male  and 
female,  of  Nyctereutes  procyonides,  I  take  the  present  opportunity  of 
giving  the  results  at  whicli  I  have  arrived. 

Lycao7i  pictus. — This  canine  animal,  so  different  from  its  allies  in 
its  digitation,  is  not  at  all  aberrant  in  its  visceral  anatomy,  which  has 
not  been  previously  described,  so  far  as  I  am  aware.  The  following 
are  some  of  the  most  important  details : — 

The  anterior  portion  of  the  palate  is  black,  the  pigment  extending 
back  as  far  as  half  an  inch,  on  to  the  soft  palate,  of  which  the  posterior 
one  and  a  half  inch  is  unpigmented.  There  is  no  uvula,  a  median 
shallow  notch  occupying  its  position.  The  tonsils  are  elongate,  lunate, 
and  vertical  in  position. 

On  the  tongue  the  filiform  papillae  are  all  small ;  and  among  them 
small  papillae  f ungiformes  are  sparsely  scattered.  The  circumvallate 
papillae  on  each  side,  increasing  in  size  from  before  backwards,  and 
converging  posteriorly,  form  the  normal  Y.  There  is  no  trace  of  a 
lytta. 

Of  the  salivary  glands  the  compact  submaxillaries  are  slightly 
larger  than  the  iri'egularly  shaped  parotids.  The  zygomatic  glands  are 
as  big  as  small  chestuats.  The  accessory  submaxillary  (or  sublingual) 
glands  are  situated  nearly  in  contact,  in  the  middle  line  of  the  floor  of 
the  mouth. 

The  thyroid  gland  is  formed  of  two  parts,  each  of  the  size  of  a 
sheep's  kidney,  these  being  joined  at  the  inferior  internal  angle  by  a 
narrow  isthmus  of  thyroid  tissue.  The  superior  thyroid  artery  is 
enormous. 

The  stomach  presented  no  differences  from  that  of  Cants  familiaris. 
The  following  are  the  lengths  of  the  intestines : — 

ft.  in. 

Small  intestine 9  1 

Caecum  0  7 

Large  intestine 1  3 


•  "  rroccedings  of  the  Zoological  Socictjr,"  1878,  pp.  873-7.     Road,  March  19, 

1878. 
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The  csecum  is  quite  caniform,  its  cunres  being  exactly  represented  Page  874. 
in  that  of  Cants  familiaris* 

The  liver  is  deeply  fissured,  upon  the  same  plan  as  in  all  the  CanidaB 
— and  all  the  Camivora,  in  fact, — the  cystic  fissure  being  very  deep, 
which  allows  the  fundus  of  the  gall-bladder  to  appear  on  the 
diaphragmatic  surface  of  the  organ.  The  left  lateral  lobe  is  the 
largest,  the  right  central  and  right  lateral  being  slightly  smaller. 
These  last  are  half  as  large  again  as  the  caudate  and  left  central, 
which  are  at  least  four  times  the  bulk  of  the  Spigelian,  upon  which 
latter  there  is  a  small  accessory  lobule. 

In  the  generative  organs,  as  in  all  CanidsB,  the  prostate  is  large, 
whilst  Cowper's  glands  and  the  vesiculae  seminales  are  absent.  The 
OS  penis  is  large,  quite  straight,  four  inches  in  length,,  and  deeply 
grooved,  as  in  all  the  CanidoB,  along  its  lower  surface. 

In  the  lungs  there  are  three  lobes  to  the  left,  and  four  to  the  right, 
one  of  the  latter  being  azygos.  The  median  lobes  of  both  sides  are 
the  smallest ;  the  inferior  the  largest.  The  fissures  between  the  lobes 
are  all  deep. 

The  brain  of  Lycaon  'pidus  is  perfectly  dog-like,  resembling  that 
of  Canis  lupus  (as  figured  by  Leuret  and  Ghratiolet  f)  i^  almost  every 
detail,  the  division  of  the  posterior  limb  of  the  gyrus  third  above 
the  Sylvian  fissure  extending  as  far  forward  on  the  superior  cerebral 
surface  as  in  that  species,  or  even  further,  the  anterior  superior  angle 
of  the  gyrus  next  below  it  being  rather  more  strongly  developed. 
The  sulcus  between  the  uppermost  (or  fourth)  gyrus  and  the 
third  is  parallel  to  the  great  longitudinal  fissure  between  the  hemi- 
spheres. 

In  Nyctereutes  procyonides  the  tongue  is  covered  with  filiform 
papilloB  smaller  in  size  than  in  Lycaon  pictus,  allowing  the  pro- 
portionally larger  fungiform  papillsB  to  appear  more  conspicuously 
among  them.  These  latter  posteriorly  become  the  papillad  circum- 
vallat89,  five  on  each  side,  larger  posteriorly,  and  arranged  in  a 
V-mi^nner. 

There  is  no  uvula ;  and  the  soft  palate  embraces  the  upper  end  of 
the  larynx  with  facility. 

The  stomach  is  not  peculiar,  except  that  it  is  more  than  usually 
muscular  at  its  pyloric  end. 

In  an  adult  male  which  died  on  the  2nd  of  February  last,  the 
father  of  a  litter  of  six  born  on  May  2nd  1877,  the  small  intestines 


*  Vide  "  Proceedings  of  the  Zoological  Society,'*  1873,  p.  748,  fig  13.  {Suprd, 
p.  223). 

t  "  Anatomie  compart  du  Sjst^me  Nenreux"  (Paris  :  183^1857),  pi.  It.  fig. 
Loup. 
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measured  eight  feet;  the  large,  one  foot  and  an  inch,  the  cecum 
heing  two  inches  long,  ronnded  at  the  end,  and  slightly  tamed  to  the 
left  side  apically.     It  is  figured  in  the  accompanying  sketch. 

In  three  other  specimens,   not    adult^   the    following   were  the 
intestinal  lengths : — 


Page  375. 


Small  intestmo 
Large  intestine. 
CflDCum 


$,  half-grown. 


4 -25  feet. 
6  inches. 
1  '25  inches. 


$,  a  month  old. 


5  -75  feet. 
8  inches. 
1  '5  inches. 


$,  a  month  old. 


7-8  feet. 
Sinchea. 
2  inches. 


There  is  evidently  not  much  constancy  in  the  length  of  the  yiaoera, 
even  in  specimens  of  the  same  age  and  sex. 


Caecum  of  Isyctereutes  procyonides. 

The  liver  differs  from  that  of  Lycaoii  jpictus  and  other  CanidsB  in 
the  great  size  of  the  Spigelian  lobe.  In  this  the  accessory  lobule, 
referred  to  above,  is  enlarged  to  form  part  of  the  lobo  itself,  which 
is,  by  its  presence  in  a  semi- independent  condition,  rendered  bifid 
apically.  In  the  depth  of  the  cystic  fissure,  and  all  other  respects,  it 
is  quite  caniform. 

The  lungs  are  not  peculiar,  the  fissure  between  the  left  upper  and 
middle  lobes  only  being  less  developed  than  in  many  of  its  allies.  The 
azygos  lobe  is  present  on  the  right  lung. 

The  prostate  is  well  developed ;  Cowper's  glands  are  absent,  as 
are  the  vesicula)  seminales.  The  os  penis  is  three  inches  in  length, 
straight,  and  deeply  grooved  inferiorly  to  transmit  the  urethra.     The 
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glans  penis  is  bluntly  conical,  the  urethra  opening  termiuallj,  much  as 
in  the  American  CervideD. 

In  Nytereutes  procyonides  the  brain  is  perfectly  caniform.  The 
posterior  limb  of  the  third  convolution  is  bifurcate,  the  bifurcating 
sulcus  not  being  lengthy,  going  upwards  and  forward  without  having  Page  376. 
any  extension  directly  onwards  to  the  anterior  extremity  of  the  hemi- 
sphere. There  is  scarcely  any  tendency  in  the  second  gyrus  to  form 
an  antero-superior  angle ;  and  the  sulcus  between  gyri  three  and  four 
is  not  quite  parallel  to  the  great  longitudinal  fissure,  it  diverging 
slightly  from  the  middle  line  as  it  goes  forward.  In  these  respects 
the  brain  more  resembles  that  of  Oanis  vulpea*  than  those  of  Canis 
famiUaris  or  C,  lupus. 

In  the  peritoneal  cavity  of  the  adult  male  Nyctereutes  (which,  like 
the  half -grown  female,  had  excessive  atheroma  of  all  its  larger  arteries) 
I  found  an  immense  number  of  parasitic  worms,  collected  especially 
about  the  abdominal  surface  of  the  liver  and  the  stomach. 

These  worms  had  "  heads  "  much  like  those  of  the  BothriocepTiaH, 
but  larger.  My  friend  Mr.  F.  G.  Penrose  has  most  kindly  made 
sections  of  them,  and  has  demonstrated  the  existence  of  a  most  peculiar 
cavity  in  each.  This  cavity  is  coiled  up  within  the  ovate  "  head ;  " 
its  lumen  is  small ;  and  its  walls  are  plicated  very  extensively,  the 
magnitude  as  well  as  the  number  of  the  folds  being  great.  It  opens 
externally  at  its  proximal  extremity  by  one  of  its  ends  only.  The 
"  body "  is  tsenioid  in  its  proportions,  and  is  not  segmented.  It  is 
about  two  and  a  half  inches  in  total  length,  the  "  head  **  being  about 
the  size  of  a  hemp-seed  or  a  little  smaller. 

There  are  a  few  general  remarks  suggested  by  the  above  recorded 
facts. 

First,  with  reference  to  the  colic  caecum  in  the  Ganidee,  I  have  on 
a  previous  occasion  noticed  the  aberrant  form  of  that  appendage  in 
Canis  cancrivorusyf  where  it  is  nearly  straight.  Two  other  specimens 
of  the  species  have  since  passed  through  my  hands,  which  have  been 
entirely  confirmatory  of  my  earlier  observation.  In  Nyctereutes 
procyonides  the  csBcum  is  slightly  more  caniform  than  in  0.  c(mcrivorus; 
it  is  a  little  broader  also. 

From  the  examination  of  other  Ganidee,  I  find  that  the  csBCum,  in 
its  twistings,  resembles  that  of  Canis  famiUaris  in  being  turned  about 
twice  and  a  half  upon  itself  in  C  laniger,  C.  la^opus^X  ^-  anthus^ 
C.  fulvus,  C.  antarctictis,  C.  azarcsy  Otocyon  lalandii,  and  Lyca/m 
pictus. 


•  Leuret  and  Gmtiolet,  loc.  cit.  pi.  iv.  fig.  2,  Kenard. 
t  "  Proceedings  of  the  Zoological  Society,"  1878.  p.  748.     {Suprd,  p.  223.) 
X  Vide  Flower,  "  Hunterian  Lectures,**  **  Medical  Times  and  (Gazette.**   London, 
June  1st,  1872,  p.  622. 
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In  Cants  aureus  I  have  foand  the  terminal  twist  wanting,  the  apex 
of  the  Cfficiim  turning  down  as  in  C.  famelicus. 

In  Ca7iis  cancrivorus  and  in  Nydereutes  procyonides  the  cmcnm  in 
nearly  straight. 

Secondly,  with  reference  to  the  brain,  Prof.  Flower  has  dona 
much  to  condense  and  classify  the  facts  to  be  arrived  at  from  the 
study  of  the  convolutions,*  which  latter,  in  my  estimation,  throw 
much  light  upon  the  mutual  affinities  of  the  Fissiped  Camivora. 

It  seems  to  me  that  the  typical  major  convolutions  of  the  Carni- 
vorous brain  form  three  complete  and  uniformly  broad  g3rri  round  the 
Page  377.  Sylvian  fissure,  which  in  the  Mustelidsd  and  the  Genets  remains  as 
such,  notwithstanding  that  these  two  latter  groups  had  otherwise 
diverged  before  the  brain  began  to  modify.  From  the  Musteline 
animals  (the  Arctoid  ancestral  type)  the  UrsidsB  seem  to  have 
diverged,  the  superior  or  third  cerebral  convolution  broadening  and 
tending  to  divide,  whilst  the  others  persist  unmodified. 

Those  Yiverridad  which  are  more  modified  than  the  genus  Oenetta, 
acquire  a  broadening  of  the  lowest  of  first  circum-Sylvian  convolution, 
especially  in  its  posterior  limb,  in  which  a  perpendicular  sulcus  ii 
formed ;  and  this  peculiarity  is  more  strongly  marked  in  Sycena^  as 
well  as  in  Proteles,  In  the  Fclidsd  the  anterior  as  well  as  the  posterior 
limb  of  this  first  circum-Sylvian  gyrus  broadens,  and  becomes  per- 
pendicularly bisected  to  such  an  extent  that  if  in  them  there  were  a 
longitudinal  sulcus  developed  in  the  upper  median  portion  of  the 
gyrus,  a  complete  secondary  gyrus  would  appear.  Such  a  gyrus, 
evidently  thus  originating,  is  found  in  the  CanidsB,  in  which  the  extra 
convolntion  is  therefore  a  reduplication  of  the  first,  dependent  on  the 
differentiation  off  of  its  outer  moiety. 

Ou  the  assumption  of  the  correctness  of  this  hypothesis,  the 
classification  of  the  Fissiped  Camivora  might  be  represented  thus : — 

UrsidaD.      Mustelidse.      Hyflenidfle.      ViTerrida).  Felidsc,        Canids. 


t 


T 


i 


Ancestral  Type. 

By  Prof.  Flower,t  after  a  most  careful  analysis  of  their   cranial 
and  other  peculiarities,  the  Canidae  are  placed  between  the  Arctoidea 

•  "  Proceedings  of  the  Zoological  Society,"  1869,  p.  482. 
t  "  Proceedings  of  the  Zoological  Society,"  1869,  p.  4. 
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and  ^Inroidea ;  but  from  the  same  facts  Mr.  H.  M.  Turner*  placed 
the  three  major  gronps  in  the  same  order  of  sequence  that  the  brain- 
markings  indicate,  namely  IJrsidaB,  Felidee,  and  Ganidad,  which  makes 
it  evident  that  such  an  arrangement  is  not  opposed  to  the  teachings  of 
the  parts  other  than  the  cerebral  hemispheres. 


74.  ON  THE   TRACHEA  OF  TANTALUS  LOCULATOR 
AND  OF  VANELLUS  CAYENNENSIS.^ 

In  his  "  Beitrage  znr  Natnrgeschichte  von  Brasilien,"  Maximilian,  Page  626. 
Prince  of  Wied,  J  describes  briefly  and  figures  the  lower  end  of  the 
trachea  of  Tantalus  loculaior,  A  male  specimen  of  the  species 
having  recently  died  in  the  Society's  Gtirdens,  I  take  the  opportunity 
of  more  minutely  pointing  out  its  peculiarities  and  of  comparing  it 
with  T,  ihisj  the  windpipe  of  which,  with  its  elaborate  convolutions,  I 
have  had  the  opportunity  of  bringing  before  the  notice  of  the  Society 
upon  a  previous  occasion.  § 

In  Tantalus  loculator  the  trachea  is  not  elongated  as  it  is  in  T  this ; 
nevertheless  it  is  peculiarly  modified,  and  differs  in  detail  from  that  of 
any  bird  with  which  I  am  acquainted,  although  its  plan  of  construction 
is  perfectly  Ciconiine. 

The  seventy-eight  lowermost  rings  of  the  trachea  are  those  which 
are  modified,  the  rings  above  them  being  quite  typical,  of  average 
depth,  notched  in  front  as  well  as  behind,  and  overlapped  to  produce 
the  well-known  zigzag  markings  on  the  surface. 

With  the  exception  of  the  last  one,  all  the  modified  rings  are  much 
reduced  in  depth ;  and  of  them  the  sixty-one  upper  rings  are  com- 
pressed from  side  to  side  and  bent  sharply  in  front,  whilst  the  lower 
seventeen  are  somewhat  flattened  from  before  backwards  and  sharply 
bent  laterally,  the  general  effect  of  which  is  to  produce  a  lateral  flat- 
tening and  an  anterior  carination  of  the  whole  tube  opposite  the  fifby- 
one  rings,  as  well  as  an  antero-posterior  flattening  with  a  lateral 
carination  in  the  part  below.  The  change  from  the  superior  unmodi- 
fied tube  to  the  laterally  compressed  portion  is  somewhat  abrupt,  as  is 


•  "Proceedings  of  the  Zoological  Society,"  1848,  p.  83. 

t  »'  Proceedings  of  the  Zoological  Society,"  1878,  pp.  625-9.    Bead,  May  21, 
1878. 

I  Band  ir.p.  687,  tab.  1.  figs.  7  and  8. 

S  "  Proceedings  of  the  Zoological  Society,"  1875,  p.  298.     (Suprd,  p.  286.) 
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that  between  the  two*  differently  modified  parts.  In  figure  la  tbe 
front  view  of  the  lower  end  of  the  trachea  ia  represented,  Gguro  h 
giving  a  side  view  of  the  sjirae* 

The  powerfttl  sterno^trat^heal  mtlseles  leave  the  windpipe  opposite 
the  middle  of  the  laterally  fluttened  portion  of  the  tnlie ;  aind  a  few 
mnscnlar  fibres  from  their  anterior  margin  are  continued  downwards 
for  a  short  distance,  but  not  nearly  to  the  last  ring,  they  being  lost 
upon  the  sides  of  the  trachea. 

Page  626.  Fig.  1. 


I>owtT  oikI  of  the  trachea  of  TaHfah*  loeulnior  g. 
i.  View  frLtm  the  front ;  h.  View  from  the  right  side. 
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The  arrangement  above  described  is  only  an  exaggeration  of  what 
Ib  found  in  Ckouia  albat  in  whicli  species  the  lowermost  nine-and- 
twenty  tracheal  rings  are  extremely  shallow  and  slender,  the  fifteen 
above  the  bifnrcatioti  of  the  bronchi  being  an tero- posteriorly  fltitfccned, 
the  fourteen  above  them  being  in  no  wise  peculiar  except  for  their 
Blenderness,  In  0.  alba  there  is,  however,  a  small  prolongation  up- 
wards of  the  lateral  portions  of  the  three  lowermost  tracheal  rings, 
which  forms  a  consolidated  triangular  process  on  each  side,  overlapping 
the  next  few  rings,  and  looking   extremely  like  rudiments  of   the 

.rly   situated   proressm   vocahs    of    the    Passerine   traeheophone  Page  627. 
which  resemblance  is  increased  by  the  thinness  of  the  neigh- 
botiring  rings  and  their  being  flattened  from  before  backwards. 

In  Tantalus  hcylaior  there  is  no  trace  of  these  triangular  processes, 
Ifca  last  tracheal  ricig,  or  three-way  piece,  is  not  enlarged,  as  it  is  in 
BO  many  birds  i  and  the  rings  of  the  bronchi  for  some  considerable 
disbaoce  are  complete  as  in  the  Ciconiidee  generally,  which  is  so  very 
fleldom  found  to  be  the  case  in  the  Class.  In  this  last  feature  the 
Storks  agree  with  the  Cathartidaa,  and  the  general  arrangement  of  the 
bifarcation  of  the  Stork's  windpipe  would  require  but  Little  change  to 
pass  into  a  Cathartine  type. 

The  uppermost  bronchial  rings  are  thinner  on  the  outer  side  of 
each  bronchus  than  they  are  internally,  wHch  consequently  leaves 
greater  gaps  between  them  along  the  outer  margin  of  the  tubes. 
Ring  four  on  one  side  and  ring  three  on  the  other  are  partly 
reduplicated,  the  extra  processes  ending  freely  in  the  bronchial 
membrane. 

From  this  description  it  is  evident  that  these  two  TantaU  differ 
greatly  in  the  an-angement  of  their  windpipes,  whilst  a  recent  com- 
parison of  epecimens  makes  it  evident  to  nie  that  what  I  thought  on 
seeing  T*  loeulator  might  have  been  an  error  in  my  account  of  T.  {few, 
namely  the  posterior  cartnation  of  the  windpipe,  is  correct,  in  which, 
as  well  as  in  the  relative  lengtlis  of  trachea,  the  two  species  differ  so 
much. 

In  other  anatomical  characters  TantaiiLs  loculator  agrees  with  T,  i^w, 
and  is  perfectly  ciconiiform.  In  both  the  great  pectoral  is  muscle  is 
formed  of  two  layers,  as  in  the  Steganopodes,  Pi^ocellariidte,  and 
Cathartidte  only.  The  ambiens  muscle  is  slender ;  the  femoro-candal 
is  minute,  withoat  any  accessorius ;  and  the  semitentlinosus,  as  well 
as  its  accessorius,  are  not  large.  There  is  no  great  gluteus  muscle, 
nor  any  muscular  slip  from  the  biceps  of  the  wing  running  to  the 
patagicra* 

The  small  intestine  measures  six  and  a  half  feet,  the  caeca  half  an 
inch,  and  the  large  intestine  nearly  three  inches.  The  stomach  is 
capacious,  with  but  a  small  muscular  development.     The  tongae  is 
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an  incli  long  and  arrow-head  shaped.    The  sab-eqnilobed  lirer  has  a 
gall-bladder. 

In  Vanellus  eayennenst^  there  is  an  exaggerated  development  of 
the  intrinsic  mnscles  of  the  trachea  a  short  way  above  its  bifurcation 
in  both  sexes  that  is  qnite  worthy  of  special  note,  becanse  the  amoant 
of  mnscnlar  fibre  there  present  is  proportionately  as  much  as  in  any 
bird  with  which  I  am  acquainted. 

There  is  nothing  peculiar  about  the  windpipe  itself  or  the  bronchi, 
which  are  represented  in  the  accompanying  figure  (p.  451).  The 
uppermost  two  bronchial  semirings  are  not  like  those  which  succeed 
them,  but  are  like  halves  of  tracheal  rings.  The  third  and  fourth 
semirings  are  closely  united,  whilst  those  which  follow  are  not  modified 
in  any  way. 

The  stemo-tracheal  muscles  are  powerfal,  and  besides  springing 
directly  from  the  side  walls  of  the  windpipe  opposite  the  spot  where 
Page  629.  they  run  ofF,  their  upper  fibres  are  continuous  up  the  trachea  itself  in 
front  of  and  in  contact'  with  the  intrinsic  muscles.  These  latter,  one 
on  each  side  as  usual,  meet  in  the  posterior  middle  line  of  the  trachea, 
but  are  not  unusually  near  in  front;  they  are  of  considerable  size 
throughout.  Near  their  lower  ends  they  increase  immensely  in  bulk 
to  form,  combined  posteriorly,  a  large  subglobose  mass  which  is 
situated  opposite  the  twenty-four  lowermost  rings  of  the  trachea, 
which  are  considerably  shallower  than  those  above  them  and  conse- 
quently occupy  a  much  less  space  than  if  they  were  of  the  same  depth, 
as  is  the  case  in  Tantalus  loculator.  There  is  a  consolidation  of  the 
last  few  rings  in  adult  birds,  with  which  the  first  two  bronchial  semi- 
rings fuse  to  form  a  compound  three-way  piece,  and  it  is  to  the  lower 
elements  of  this  that  the  powerful  lateral  muscles  are  attached  (as 
well  as  to  the  third  and  fourth  bronchial  semirings  slightly)  by  a 
broad  fibro-tcndinous  continuation  of  their  muscular  substance,  which 
fixes  itself  on  each  side  along  nearly  the  whole  length  of  the  semirings, 
especially  the  second,  of  which  the  extremities  are  alone  free. 

So  far  as  I  can  find  ont  by  watching  the  living  birds,  there  is 
nothing  peculiar  in  their  note  to  lead  one  to  surmise  so  large  a  mus- 
cular supply  for  their  lower  larynx.  They  make  a  powerful  screech, 
with  no  modulation  in  it ;  and  it  can  hardly  be  possible  that  the  extra 
muscular  development  has  not  some  other  function  to  perform.  What 
that  may  be  it  is  not  easy  to  surmise. 
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75.  ON  THE  ANATOMY  OF  THE  MALEO  {MEGA- 
CEFHALON  MALEOy 

Page  629.  BESIDES  being  a  Megapode,  MegacephdUm  maleo  is  interesting  as  a 
peculiar  form ;  I  therefore  take  the  opportonitj  of  bringing  before 
the  Society  the  results  of  my  dissection  of  three  specimens  of  this 
bird  which  have  died  in  the  Ghurdens. 

Pterylosis, — In  the  distribution  of  its  feather-tracts  the  Maleo  is 
somewhat  different  from  the  typical  Gallin».  Nitasch  briefly  records 
what  he  fonud  in  a  bad  specimen  of  Megapodius  rubripes,  mentbning 
that  the  tracts  were  not  different  from  those  in  allied  birds,  and  thai 
the  oil-gland  was  tufted.  This  is  all  we  know  of  the  pterylosis  of  the 
group. 

In  Megacephalon  maleo  the  anterior  surface  of  the  neck  is  oorered, 
not  thickly,  with  feathers,  which  only  tend  to  divide  opposite  the 
furcula  into  the  two  pectoral  tracts,  each  of  which  descends,  strong 
and  uniform  in  breadth,  to  opposite  the  middle  of  the  carina  stemi, 
where  it  ceases  obtusely.  The  ventral  tract  does  not  exist  over  the 
anterior  or  upper  part  of  the  pectoral  region,  but  commences  narrow 
close  to  and  opposite  the  middle  of  the  carina  stemi,  dilating  opposite 
the  abdomen,  near  the  middle  line  of  which  it  descends  parallel  to  its 
fellow,  to  just  above  the  anus,  where  the  two  meet  The  skin  over  the 
Page  630.  carina  and  in  the  middle  line  of  the  abdomen  is  hard  and  scaly.  The 
hypopteral  tract  is  but  feebly  represented,  and  the  termination  of  the 
pectoral  tract  is  some  distance  from  the  commencement  of  the 
abdominal  tract,  the  angle  between  the  direction  of  the  one  and  the 
other  being  about  25°. 

A  strong  tract  traverses  the  middle  dorsal  line  of  the  neck,  with  a 
space  on  each  side  of  it.  This  does  not  bifurcate  in  the  scapular 
region,  but  ceases  abruptly  a  little  below  the  level  of  the  shoulder- 
joints,  undilated.  Over  the  rump  and  the  inferior  scapular  region 
the  dorsal  tract  is  diffused  and  indefinite,  ceasing  before  the  nude  oil- 
gland  is  reached.  There  is  no  ephippial  space.  There  are  sixteen 
rectriccs.  The  lumbar  tract  io  only  well  developed  over  the  tibia- 
head  and  for  a  little  way  behind  it.  The  humeral  tract  is  not  in  any 
way  peculiar.  I  counted  nine  primary  and  sixteen  secondary  remiges, 
the  first  and  second  secondary  feathers  being  considerably  shorter 
than  those  which  follow. 

Down-feathers  are  generally  distributed.     The  after-shaft  is  weak, 

•  *'  Proceedings  of  the  Zoological  Sodetj/'  1878,  pp.  629-31.  Bead,  Maj  21, 1878. 
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and  the  rhacliis  of  each  feather  is  not  Bwollen,  except  in  some  of  the 
gmalleat  size* 


» 


Lower  Luynx  of  Megacephalon  mai#o. 
a.  FroiD  the  front;  A.  From  behind. 

Visceral  Anatonii/. — The  tongae  is  Bimplo  Bmd  fleshy;  a  well-de- 
veloped crop  is  present,  situated  hot  ween  the  limbs  of  the  very  open 
fnrcnla  ;  the  proventriculuB  is  zonary,  the  gizzard  powerfnl ;  the  small 
intestine  is  fonr  and  a  half  feet  long,  the  si m pie  ceeea  Eve  and  a  half 
inches,  and  the  large  intestine  five  inches  in  length. 

There  is  only  one  carotid  artery,  the  left,  as  in  all  the  Megapodidas. 

In  its  myology  the  bird  is  perfectly  gallinaoeons,  the  third  pectoral 
mnscla  being  foniid  beneath  the  much  larger  eecond  of  the  same  name, 
the  femora- caudal  and  semitendinosns  with  their  accessories,  the 
ambiens,  and  gluteus  maximas,  being  all  present.  The  obtui-ator  in* 
ternns  is  triangular ;  a  vinculum  joins  the  two  deep  flexors  of  the  foot, 
and  the  hiceps  of  the  arm  sends  a  fasciculus  to  the  patagium.  The 
expansor  secundariorum  muscle  ends  by  running  to  the  scapula  at  the 
same  time  that  it  sends  a  slip  of  tendon  to  the  first  rib. 

The  lower  end  of  the  trachea  is  represented  in  the  accompanying  Page  631. 
figures,  from  the  front  and  from  behind.  It  differs  in  arrangement 
from  aU  other  of  the  Gallina?  with  which  I  am  acquainted.  To 
the  terminal  tracheal  tbree-way  ring  is  fused  the  first  bronchial  semi- 
ring by  its  extremities,  its  bowed  free  portion  being  apturncd  with  its 
limbs  almost  perpendicular.  In  the  middle  line  posteriorly  the  pen- 
ultimate tracheal  ring  fuses  with  the  what  may  be  compound  three- 
way  piece,  in  the  posterior  aspect  of  which  a  fimall  upward -directed 
tongue  of  cartilage  developes  from  its  upper  border.  The  sterno- 
tracheal mueclea  are  minute  and  the  intrinsic  traclieal  muscles  form 
thin  broad  sheets  which  almost  cover  the  tube  and  end  on  the  outer 
surface  of  the  first  bronchial  semiring  and  in  the  semicartilagiuous 
large  membrane  between  it  and  the  unmodified  following  semiring. 
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76.  ON  THE  GRAVID  UTERUS  AND  PLACENTA  OF 
HYOMOSCHUS  AQUA  TIC  US.  (Written  in  conjnno- 
tion  with  Prof.  WiLLlAM  TURNER,  M^^  F  JLS.)* 

(Plate  XXIX.) 

Page  682.  An  adalt  female  of  Hyomoschus  aquattcus  haying  come  into  our  hands, 
it  was  with  no  small  pleasure  that  on  eyiscerating  it  we  found  it  &r 
advanced  in  pregnancy ;  for  it  enables  ns  to  give  an  account  of  the 
placenta,  the  nature  of  which  has,  till  now,  only  been  Burmised  firom 
what  is  found  in  Tragulus, 

In  his  valuable  memoir  on  the  Tragulida9,t  M.  Alphonse  Milne- 
Edwards  briefly  describes  and  also  figures  the  fodtus  with  the  placenta 
of  Tragulus  Stanley  emus.  He  makes  no  mention  of  the  uterus,  of  whicb, 
in  an  allied  species,  John  Hunter  tells  us^  that  it  "  soon  divides  into 
two  horns,  which  are  pretty  large  and  not  long^  having  none  of  the 
buttons  for  the  cotyledons." 

In  his  paper  on  the  visceral  anatomy  of  Hyomoschus  aqvaHcus^^ 
Prof.  Flower  describes  the  female  generative  organs  in  the  following 
words : — '*  The  vagina  was  5  inches  in  length ;  the  uterus  3*5  inches 
to  the  point  of  bifurcation,  sharply  bent  back  on  itself  near  the  upper 
end,  and  terminated  in  a  pair  of  rather  short,  closely  curled  comua.** 

In  our  gravid  specimen  the  single  hairless  fcetns  which,  from  tip 
of  nose  to  end  of  tail,  measures  8*5  inches,  the  tail  being  an  inch  long, 
is  lodged  on  the  left  side. 

The  uterus  consists  of  two  horns  communicating  with  a  common 
corpus  uteri.  The  horns  are  united  together  in  the  greater  part  of 
their  extent,  not  more  than  about  1'5  inch  of  the  tip  of  each  horn 
being  free.  The  line  of  union  is  marked  externally  by  a  groove,  and 
internally  by  a  broad  partition,  the  septum  uteri,  which  extends  longi- 
tudinally backwards  and  terminates  in  a  well-defined  semilunar  free 
border,  behind  which  the  two  horns  are  fused  together  into  the  common 
corpus  uteri.  The  free  ends  of  the  cornua  are  curled  backwards,  and 
together  with  the  Fallopian  tubes  and  ovaries  are  situated  upon  the 
anterior  part  of  the  superior  wall  of  the  uterus.  Owing  to  the  foetus 
being  developed  in  the  left  horn,  this  comu  is  much  more  dilated  than 


•  *'  Proceediuga  of  the  Zoological  Societj,"  1878,  pp.  G82~6.     PL  XLIV.    Raul, 
June  18,  1878. 

t  "  Annalee  des  Sciences  Naturelles,"  5th  series,  vol.  ii.  1864,  pp.  4^167. 
X  "  Essays  and  ObscrTations,"  edited  by  Prof.  Owen,  1861,  toI.  ii.  p.  136. 
§  *'  Proceedings  of  the  Zoological  Society,"  1867,  p.  960. 
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the  right;  but  Uig  latter  ib  considerably  more  capacious  than  in  the 
non-gravid  nteras.  The  corpus  uteri  commnnicatea  bj  a  constricted 
OS  with  a  pasjiage  which  may  perhaps  he  regarded  aa  a  cervix,  though 
some  might  look  on  it  aa  only  the  specially  modified  anterior  end  of 
the  vagina*  This  part  of  the  genital  passage  jb  If  inch  long  and  very 
much  constricted.  Ita  mucous  lining  is  longitudinally  folded;  and 
the  folds  are  at  interyals  so  projecting  as  to  give  the  appearance  of 
transverse  const rictions.  The  pasiiage  and  the  os  are  blocked  up  by  a  Page  683« 
whitish  viscid  mucus.  Behind  the  most  posterior  transverse  constric- 
tion the  vagina  undergoes  a  considerable  dilatation^  and  the  mucous 
liniug  exhibits  faint  longitudinal  folds. 

The  uterine  walls  are  slightly  thinner  than  thoao  of  the  human 
etomach.  The  cavity  of  the  two  cornua  and  of  the  corpus  uteri  is 
lined  by  a  well-defined  mucous  membrane,  from  which  the  foatal 
t^horion  can  readily  be  separated.  This  mucous  membrane  forms  the 
matenml  portion  of  the  diffused  placenta  charactemtic  of  lli/omoschas. 
The  TDucosa  of  both  comua  is  not  elevated  into  foldS|  e]!toept  iu  close 
proximity  to  the  openings  of  the  corresponding  Fallopian  tulies  ;  and 
the  mucous  lining  of  the  corpus  uteri  is  longitudinally  folded  oidy  in 
proximity  to  the  os  uteri.  The  free  surface  of  the  raucous  membrane, 
both  in  the  cornua  and  corpus  and  on  both  surfaces  of  the  septum 
uteris  IS  soft  and  velvety  and  pitted  with  mnltitndes  of  minute  deprea- 
Bions  just  visible  to  the  naked  eye*  These  depressions  are  the  crypts 
in  which  the  villi  of  the  chorion  are  lodged  when  the  chorion  is  in  sit  a. 
The  crypts  are  distributed  with  almost  equal  regularity  over  the  sur- 
face of  the  mucosa  in  the  several  divisions  of  the  nterns ;  hut  on  the 
more  convex  part  of  the  impregnated  left  cornu  the  mucosa  is  not 
quite  so  thick,  so  that  the  crypts  are  shallower^  and  over  a  limited 
ftrea  the  free  surface  of  the  mucous  membrane  is  almost,  if  not  quite, 
free  from  crypts.  We  did  not,  however,  see  any  depressed  eircum- 
ECiibed  smoath  areas  surrounded  by  crypts  such  as  one  of  us  has 
described  elsewhere*  in  the  Pig  and  Lemurs^  or  polygonal  areas 
occupied  by  crypta  and  bounded  by  ridges  free  from  cr}*pt8,  sucb  as 
are  to  be  seen  in  the  gravid  uterus  of  the  Mare.  In  the  regular  dif- 
fusion of  the  crypts  over  the  surface  of  the  mucosa,  the  gravid  uteras 
of  HyomoschuH  much  more  closely  resembled  what  has  been  described 
iu  Orca  ^jladteUorf  than  it  did  the  uterine  mucosa  of  the  Pigt  Mare,  and 
Lemnra. 

We  then  carefully  stripped  portions  of  the  mucous  membrane  off 
the  subjacent  muscular  coat,  and  soaked  them  in  glycerine  for  some 


•  Turner,  Lectures  *' On  the  Comimmtiro  Anatomy  of  tho  Ploc^jnta/'  Edin- 
burgh, 187G.  and  "  Tranja^rtiom  of  tbo  ttojol  Society ,**  Loodoo,  1876. 
t  Turner,  **  XnuiaiictioDa  of  the  Kojal  Soeittj,  Edinburgh,"  1871. 
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day8,  in  order  to  render  the  membraTie  fts  traiiBlaoeiit  ai  |M»iib)& 
When  tlie  mucosa  thus  prepared  waa  exanLined  microscxipicfttlj,  tKe 
openings  of  the  uterine  glands  on  the  purfaoe  of  the  xn«*mbmne  ctmH 
he  seen.  Sometimes  tlieso  openings  were  found  on  the  slender  mii^nl 
folds  of  mucosa  separating  adjacent  crypts  from  each  other;  Bt  other 
times  tliey  opened  into  the  crypts,  and  at  other  times  on  Amoolber 
portions  of  the  membrane  where  the  crypts  were  shallower  or  almioet 
absent ;  but  in  no  case  were  the  mouths  of  the  glands  specmllj 
localised  in  smooth  circnmBcribed  areas  of  the  mucosa,  aa  is  the  csso 
in  the  Pig  and  in  the  Lemurs.  The  gland-orifices  were  directed 
obliquely  to  the  plane  of  the  free  surface  of  the  membrane ;  and  tt 
yviis  not  uncommon  to  sec  an  epithelial  plug  projecting  tlirongb  the 
mouth. 

Additional  views  of  the  relation  of  the  glands  to  the  crypts  wer© 
Page  684.  obtjiined  by  making  vertical  sections  through  the  mucosa.  This  mem- 
brane consisted  of  a  gland  layer  and  a  crypt  layer.  The  gland  Imjer 
was  next  the  muscular  coat,  and  consisted  of  elongated  tubular  ghinds^ 
somewhat  tortuous  and  occasionally  bifurcating.  In  the  vertical  tee- 
tions  the  glands  were  cut  across  so  that  the  tabes  were  somt^^mm 
transversely,  at  others  obliquely,  at  others  longitudinally  divided,  i&d 
here  and  there  the  stem  of  a  gland  coald  be  seen  passing  obliquelj 
through  the  crypt-layer  to  open  on  the  surface  in  the  manner  already 
described.  The  glands  were  lined  by  a  columnar  epithelium,  and 
poasesaed  a  central  lumen,  The  glands  were  neither  so  namerous  nor 
so  distinct,  neither  did  they  bifurcate  so  freqaently  as  do  the  atncakf 
glands  in  the  Pig  and  the  Cetacea. 

The  crypt  layer  contained  the  numerous  depresBions  already 
ferred  to  for  the  lodgment  of  the  villi  of  the  chorion.  The  eptlW 
Hum  lining  the  crypts  had,  as  a  rale,  disappeared;  so  that  it  watcHilf 
in  exceptional  localities  that  it  could  be  seen  m  sUu^  where  it  appeared 
to  consist  of  cells,  the  type  form  of  which  was  columnar,  Uioagh 
modifications  of  that  shape  occurred.  The  subepitiielial  oonnectift 
tissue  contained  a  large  proportion  of  corpuscles,  some  of  which  weie 
fusiform,  others  polygonal,  others  of  the  rounded  form  of  wUli 
blood* corpuscles.  This  tissue  was  more  compact  where  it  formed  1^ 
walls  of  the  crypto;  but  deeper  in  the  mucosa,  as  it  apprckached  the 
glandular  layer  and  the  muscular  coat,  it  had  an  areolated  charaeter. 
The  vessels  of  the  uterus  were  not  injected;  but  there  can  }m  an 
doubt  that»  if  they  had  been  so,  the  walls  of  the  crypta  would  baiv 
been  seen  to  contain  an  abundant  freely  anastomosing  neiirork  of 
capillaries,  such  as  exist  in  the  corresponding  crypts  in  the  CetaiMl^ 
the  Marc,  the  Pig,  and  the  Lemurs.  In  sections  through  the  irali  eC 
the  uterus,  that  had  lieen  stained  with  hfiematoxylin^  a  well*de6a0d 
band,    coloured  with   the  blue  pigment,  marked  the  junotioii  Ckf  ihi 
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deep  snrrace  of  the  mucous  membrane  and  its  glands  with  the  mns- 
cnlar  coat.  This  band  in  all  probabiHtj  was  the  muse nl aria  mucosae. 
In  Htjomottchugf  as  in  other  animals  possessing  a  diffused  placental  the 
uterine  glands  have  no  relation,  aa  regards  numbers  or  termination,  to 
the  crvpts.  The  crypts  are  infinitely  more  nnmeroas  than  the  glands, 
and  are  not  to  bo  reganied  as  formed  by  dilatation  of  tlieir  mouths, 
but  are  new  formations  during  pregnancy,  due  to  hypertrophy  and 
folding  of  the  mucous  membrane  so  as  closely  to  adapt  it  to  the  irre- 
gular villous  surface  of  the  foetal  chorion. 

The  chorion  extended  from  the  tip  of  the  left  uterine  cornn, 
tlirough  the  corpus  uteri,  to  the  tip  of  the  right  uterine  cornu*  The 
left  horn  of  the  chorion,  which  contained  the  fcfitus,  was  longer  and 
much  more  capacious  than  the  right  horn»  The  tip  of  each  horn  of 
the  chorion  was  in  close  relation  to  the  orifice  of  each  Fallopian  tube; 
and  close  to  the  Up  the  free  surface  of  the  chorion  was  over  a  very 
limited  area  smooth  and  non- villous.  That  part  of  the  chorion  situated 
in  the  corpus  uteri,  immediately  opposite  the  os  ntert,  presented  a  cir- 
cular non- villous  surface  about  the  size  of  a  shilling.  This  surface, 
though  without  v411i,  was  folded  so  as  to  adapt  it  to  the  corresponding 
folds  of  the  uterine  mucosa  in  the  same  locality.  A  portion  of  the 
chorion  corresponding  to  the  more  convex  part  of  the  gravid  uterine  Pag©  685. 
comu  was  thinly  covered  with  villi,  and,  indeed »  in  one  or  two  very 
limited  areas  was  non-villous— these  bare  or  thinly  covered  patches 
being  iu  contact  with  those  portions  of  the  uterine  mucosa  (already 
described)  where  the  crypts  are  either  shallow  or  absent.  In  all  other 
localities  the  free  surface  of  the  chorion  was  as  thickly  stndded  with 
villi  as  the  uterine  mucosa  was  with  crypts ;  so  that  it  furnished  an 
exoellent  and  characteristic  example  of  a  diffneed  placenta.  In  the 
absence  of  villi  from  those  parts  of  the  chorion  which  were  situated  in 
relation  to  the  three  uterine  orifices,  t.e.,  the  os  uteri  and  the  two 
Fallopian  tnlies,  the  chorion  of  Hjjomoschus  corresponded  with  what 
one  of  ns  has  elsewhere  described  in  Orea,  the  Narwhal  and  the  Mai*e, 

The  villi  were  arranged  in  small  tufts,  separated  from  each  other 
by  very  narrow  intervals.  The  tufts  varied  in  size ;  and  the  villi  of 
which  they  were  composed  were  short  and  branched,  usually  in  the 
form  of  filamentous  processes.  The  basal  substance  of  each  villus 
and  of  the  chorion  itself  consisted  of  a  delicate  corpusculated  con- 
nective tissue.  The  epithelium  on  the  free  surface  of  the  chorion 
was  partly  shed  ;  but  considerable  patches  of  it  were  seen  in  many 
localities. 

The  amnion  formed  a  capacious  bag,  which  extended  to  within 
half  an  inch  of  the  tip  of  the  left  horn  of  the  chorion.  It  occupied 
the  rest  of  this  horn  and  the  part  of  the  chorion  situated  in  the 
corpus  uteri,  but  did  not  extend  into  the  right  horn  of  the  chorion. 
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The  sac  of  the  allantois  occnpied  tho  whole  of  the  right  Horn  of 
the  chorion,  estonding  as  far  as  its  tip;  and  its  wall  was  in  close  ap- 
position by  its  attached  surfaoe  with  the  deep  surface  of  the  chonorL 
The  sac  of  the  allantois  was  also  prolonged  into  the  left  bom  of  tbc 
chorion  to  within  half  an  inch  of  its  tip :  bnt  in  other  Tcspecta  its 
distribntion  in  this  horn  waa  limited ;  for  instead  of  being  in  contact 
with  the  whole  extent  of  tho  deep  sarface  of  the  chorion,  it  formed 
only  a  circnmscribed  tnbular  prolongation  attached  to  that  part  of 
the  chorion  which  waa  opposite  the  belly  of  the  fcBtns.  The  remain- 
ing part  of  the  deep  surface  of  the  chorion  in  this  hom  waa  in  con* 
tact  with  the  attached  siirfaee  of  the  amnion^  which  membrana  ex- 
tended ELS  far  as  the  edge  of  the  non-villona  circular  spot  opposite  \ht 
oa  uteri.  The  amnion  was  also  prolonged  over  the  tabular  proloiiga* 
tion  of  the  allantois  which  extended  into  this  horn.  The  amnion  en- 
veloped the  umbilical  cord  np  to  the  abdominal  wall  of  the  foetus. 
The  amniotic  investment  of  the  cord  was  studded  with  numbers  of 
small  stunted  whitish  sessile  corpuscles,  which  did  not,  however,  pro- 
ject from  the  free  surface  of  the  amnion,  where  it  was  in  cont4ict  witb 
the  chorion  and  aUantois*  These  bodies  resembled  in  form  and  size 
the  bodies  projecting  from  the  umbilical  cord  in  the  Cetacea.  Tliey 
had  not,  however^  the  yellow  ish^brown  colour  of  the  corresponding 
Gorposcles  in  Orca  and  the  Narwhal,  but  like  them  they  were  developed 
in  relation  to  the  deep  surface  of  the  amnion  and  caused  an  ele' 
of  that  membrane  by  their  growth. 

The  umbilical  cord  was  3^  inches  long.  It  contained  two  artcricf 
and  two  veios ;  and  a  slender  tubular  prolongation  of  the  sac  of  the 
Page  666,  allantois  could  jnst  bo  traced  into  the  chorionic  end  of  the  oord. 
Some  injection  was  passed  into  the  vessels  of  the  cord,  which  tille^i 
the  principal  vessels  of  the  chorkm ;  but  as  the  specimen  had  b^eo 
for  some  time  in  spirit  before  the  injection  was  to&de,  it  did  uol 
enter  the  vessels  of  the  villi.  Blender  vessels,  however,  traveree*d 
the  non-villous  spot  opposite  the  os  uteri,  and  some  also  were  seca 
subjacent  to  the  amnion  where  it  waa  in  contact  with  the  wall  of  tlit 
tubular  prolongation  of  the  allantois  situated  in  the  left  bora  of 
chorion. 


EXPLAJfATION  OF  PLATE  29.    (XLIV.) 

Fig,  1.  Fcpta  membmnesaf  Htfomoschu*  aquaticntf  opened  inlo  arid  fcpttu  1 
n^duoeil  from  natural  stxe.     Ch.  YillouB  chorion  of  iltc  ftcUil 
YiUoua  chonoD  of  the  oppoeit«  horn.    At.  Snc  of  alUutoit  ia  llit 
fecundated  oornit,  the  oommanication  of  which  with  tho  tubuhur  ] 
tion  in  the  fti'tal  hom  10  wen  to  the  right  of  the  tettifn.     Am,  Smc  of  I 
ntimion ;  tbi?  letti-T?  arc  placed  on  the  Amnion  wUcro  it  b  in  coDlttol  y 
the  chorion.    «.  The  unibilical  cord;  the  leli«r  u  placed  oa  ' 
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where  it  ifl  in  contact  with  the  allantoifl.  o.  The  non-yillonB  Btuf  ace  of  the 
chorion  opposite  the  os  uteri.  «.«.  The  smooth  non-yillous  parts  of  the 
chorion  in  relation  to  the  Fallopian  tubes. 
2.  Magnified  view  of  the  free  suiface  of  the  uterine  mucous  membrane  of 
Syomoschus,  showing  the  crypts  in  which  the  villi  of  the  chorion  are 
lodged.    At  a  the  mouth  of  one  of  the  uterine  glands  is  shown. 

The  drawings  haye  been  kindly  made  for  us  by  Mr.  J.  D.  Dunlop. 


77.  NOTES  ON  THE  ANATOMY  OF  INDICATOR 
MAJOR* 

Thbouqh  the  kindness  of  Mr.  B.  B.  Sharpe  I  liave  had  the  oppor-  Page  930. 
tnnity  of  examining  a  spirit-preserved  specimen  of  Indicator  major, 
from  Fantee,  which  enables  me  to  lay  before  the  Society  some  fresh 
facts  in  its  anatomy  confirmatory  of  its  non-Cacnline  affinities. 

In  his  contributions  to  Orr's  edition  of  Cuvier's  "Animal  Kingdom** 
(1840),  the  late  Mr.  E.  Blyth  referred  the  Honey-guides  to  the  Wood- 
peckers  as  their  nearest  allies  ;  f  and  this  idea  was  expanded  by  him 
two  years  later  in  the  Journal  of  the  Asiatic  Society  of  Bengal.^ 
In  "  The  Ibis  '*  for  1870, §  Mr.  Sclater  brought  forth  fresh  facts  in 
proof  of  the  non-Cuculine  affinities  of  the  genus,  and  proposed  to 
place  it  next  to  the  CapitonidsB,  with  which,  or  with  the  Coliidse, 
Mr.  Blanford  also  in  the  same  year  showed  it  had  its  nearest  relation- 
ships. || 

The  following  observations  tend  to  prove  the  correctness  of  the 
conclusions  arrived  at  by  the  two  last-mentioned  ornithologists,  and 
the  error  of  imagining  that  Indicator  is  related  to  the  CuculidaB. 

Pterylosts. — This  has  been  recorded  by  Nitzsch  in  his  "  Pterylo-  Page  931. 
graphy ;  '*  and  it  seems  more  than  strange  that  the  characteristically 
Picine  distribution  of  its  feather-tracts  did  not  lead  that  able  orni- 
thologist to  recognize  its  true  relationships.     He  retained  it  among 
the  CnculidaB. 

My  study  of  Pterylography  has  led  me  to  look  upon  the  nature 
of  the  dorsal  tract  as  all-important  in  determining  to  which  great 
group  of  Birds,  the  Homalogonataa  or  AnomalogonateD,^  any  doubtful 
family  belongs.     When  the  dorsal  tract  develops  a  fork  between  the 

•  "  Proceedings  of  the  Zoological  Society/*  1878,  pp.  930-5.  Read,  Nov.  19,1878. 
t  Loc.  cU.  p.  215.  J  Vol.  xi.  p.  167,  1842.  §  p.  176. 

II  "  ObserratioiiB  on  the  Geology  and  Zoology  of  Abyssinia,**  1870,  p.  308. 
\  Vide  '*  Proceedings  of  the  Zoological  Society,**  1874,  p.  116,  for  definition  of 
theee  terms.     (Supr^t  P*  213.) 
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ftboalder^Uides  m  liifd  im  bonialogoimiiia  x  whea  the  tract  roni  on  osb 
oil&cged  to  near  the  kxwer  enda  of  the  acapulfie,  then  it  is  aaocuJ€if»- 
Q&tooa,  Agmiii,  amtmg  the  ABomalogonataB,  wh^i  the  pectoml  tnot 
bifnrcftte  inlo  aa  onter  and  an  iimer  braiich  just  after  commmiciiif 
0ti  the  dMst»  then  the  bird  id  one  of  the  Pielformofly  atid  has  n  tuftal 
oU-gland ;  when  the  pectoral  tract  does  not  hiforcate  at  all,  or  oatj  ii 
the  hmer  end  of  its  pectoral  portion,  bnt  is  only  incroaied  in  breadth 
mwlaid,  then  the  bud  is  Pafiseriform,*  and  has  a  naked  oil-gland 
Exeeptions  to  these  mkd  scarce]  j  exist. 

In  th»t  the  dorsal  tTuet  of  Indicate  does  not  form  a  fork,  bal 
remauis  narfow,  between  the  shonlder-bladea,  it  is  anomalogYmatat-^ 
tibo  Cttcolidi?  being  bomalogonatons ;  in  that  it  poseeases  a  free  crater 
peolowl  band  to  the  anterior  tracts  it  is  a  Picifonn  bird.  The  oil- 
gland  is  also  toiled. 

A  carefmt  exsmination  of  the  skin  proTes  that  the  gennn  agrpiii 
nkore  eloselj  in  its  feather- trmcts  with  the  Picidie,  Capitonida?,  and 
Ramphastidffi  than  Kltxsch's  figures  wonld  tend  to  proTo.  To  tne  it  ii 
eridcnt  that  thei>9  is  a  commnnication  between  the  thoracic  extremilj 
of  the  inferior  neck- tract  and  the  npper  extremity  of  the  hnme»l 
tracts  as  in  the  Pieidie,  Capitonidse,  and  EamphastidaB.  Again,  io 
the  three  gronps  just  named  there  is  a  great  wetness  or  an  entire 
disappeai&noe  for  a  short  di^ance  of  the  dorsal  tr&c^t  towards  tW 
lower  extremitf  of  the  interscapnlar  region.  In  Indicaior  this  same 
w^Ucnees  exists  i  so  that,  with  the  exception  of  a  single  feather  in  the 
middle  Hne,  the  appearance  of  the  region  in  question  ia  mneh  mere 
like  the  arrangement  io  Mampkastm  than  in  Nitzsoh^s  figure  of  tbt 
genns.  On  the  ventral  snrface  of  the  fleshy  tail  I  find  a  median 
snbcircnlar  space  surrounded  by  feathers,  as  in  the  Picids  and 
Bamphastidse,  as  well  as  in  the  Capitonidce  apparently.  The  candal 
termination  of  the  dorsal  tract  agrees  with  the  account  given  by 
Nitzsch.  I  could  find  no  trace  of  a  duplication  of  the  lumbar 
tract.  In  the  possession  of  twelve  rectrices  Indicator  differs  firom  the 
CapitonidsB  and  Ramphastidso,  which  have  ten,  like  the  Picids. 

Skeleton. — The  specimen  of  the  skull  of  Indicator  examined  bj 
Professor  Huxley t  at  Mr.  Sclater's  request  was  too  imperfect  for 
exact  description.  The  considerable  interval  between  the  maxillo- 
palatines  is  recorded  by  him.  I  am  now  able  to  add  that  the  rbmer 
Page  932.  is  but  little  different  from  that  of  the  Capitonid».  The  palate  of 
Megalcema  asiatica  is  described  and  figured  by  Professor  Pteker  in 
the  "  Transactions  of  the  Linnean  Society."  %    It  is  truncated  in  front 

•  Vide  "  Proceedings  of  the  Zoological  Society,"  1874,  p.  110.     {Smfr^  p.  117.) 

t  "  Ibi«/*  1870,  p.  179. 

X  2nd  series,  "  Zoology,"  toI.  i.  p.  122,  and  pi.  xxiiL 
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and  stronglj  bifid,  the  oomiia  running  forward  to  blend  witb  the 
maxillo-palatines.  These  last-named  inward-directed  processes  of  the 
maxillary  bones  blend  with  the  mid-nasal  septum  in  some  specimens 

Fig.  3. 


Palate  of  Indicator. 

of  MegdUema  aaiatica^  whilst  in  others  thej  remain  free  from  one 
another,  separated  by  an  inconsiderable  interval.  In  Pogonorhynchus 
hidentaius  and  Teiragonops  ramphastintts  they  completely  blend  across 
the  middle  line,  without  the  nasal  median  septum  persisting  in 
front  of  the  junction.  So  these  two  last-named  species,  and  most 
probably  all  the  species  of  the  genera,  are  genuinely  desmognathous. 

The  point  in  which  the  truncated  vomer  of  the  CapitonidsB  most 
differs  from  that  of  the  order  Passeres  is  that  in  the  former  the 
truncation  occurs  behind  the  line  joining  the  posterior  angles  of  the 
maxillo-palatines,  whilst  in  the  latter  the  truncation  occurs  some  way 
in  front  of  the  same  transverse  line.  The  limbs  of  the  forked  vomer 
in  the  Capitonidee  run  forward  to  meet  the  posterior  angles  of  the 
inaxillo-palatines ;  in  the  Passeres  they  continue,  often  in  cartilage 
alone,  to  the  nasal  labyrinth. 

In  Indicator  the  vomer  is  less  ossified  than  in  the  Capitonidse  above  Page  t 
mentioned,  and  is  smaller ;  the  fork  is  slenderer  and  has  longer  limbs, 
which,   however,   quite  typically  join    the    well   separated  maxillo- 
palatines  (which  advance  but  slightly  beyond  the  inner  margins  of  the 
palatine  bones)  at  their  posterior  angles. 
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Aa  the  RamphaHtidns  have  to  be  mentioned  so  frequently  in  con- 
nexion with  the  genas  under  consideration,  it  may  be  useful  to  fcfer 
ko  the  vomer  of  this  family.  By  Prof.  Hoxley  it  is  included  amonf 
his  CoccjgomorphiB,  in  which  the  vomer,  if  present^  18  pointed 
anteriorly.  Prof*  Huxley  further  remarks  *  that  in  Bamph^utoi  "  the 
antero-intemal  angles  of  the  palatines  not  only  meet,  but  are  nnited 
by  bone/*  Bat  close  examination  demonstrates  a  large  tabuUr 
truiication  of  the  anterior  extremity  in  the  Ramphastine  vomer,  which 
I  cannot  help  thinking  Prof*  Huxley  interpreted  as  a  median  ossecms 
bridge  formed  by  the  (supposed)  blending  of  the  antero-intenial 
angles  of  the  palatines.     Figure  2  represents  the  vomer  of  Uam^hattm 

Kg.  2. 


Palate  aspect  of  the  tmncftted  Tcmor  of  Bamphatiof  arielt  with  the  pogtcrior  puta 
of  tbo  palatino  boned  reUined  in  union  with  it. 

arte?,  freed  from  its  surround i tigs*     It  does  not  send  forward  limbt  I 
join  the   maxillo-palatinea   [which   are   those  of  the    desmoge 
Capitonidoa  inflated],  but  helps  by  its  terminal  expansion  to  com| 
by  contact  or  ankylosis  with  the  palatine  on  either  side,  the  poetjenor" 
wall  of  a  cavity  in  the  dried  BkuU,  bounded  laterally  and  eupenorly 
by  the  inflated  and  infused  maxillo-palatines,  anteriorly  by  the  natal 
Beptum  together  with  ossifications  in  the  nasal  oartilagea  minifWTiaM 
with  it. 

In  the  "  Transactions  **  of  the  Linnean  Society f  Prof.  Parker 
describes  the  vomer  of  Ramphagtoi  toco  as  double,  it  being  competed 
of  a  smaller  posterior  and  a  larger  anterior  bone,  tbe  truncated  nature 
of  which  I  am  not  able  to  infer  from  the  account  given. 

The  CapitonidcB,  the  Ramphastid®,  and  Itidicatar  are  int 
associated^  therefore,  so  far  as  the  vomer  is  concerned.  Neve 
tbe  proportionally  great  length  of  the  limbs  of  the  vomerine  ioA 
the  last-named  form,  and  the  considerable  separation  of  its  small 
Pago  934.  max  1 1 lo- palatines,  are  characters  which  tend  to  bring  it  ne^Mvr  than 
either  of  the  others  to  the  Picidas. 

•  "Piw»edings  of  the  Zoological  Society,*'  1867,  p.  444, 
t  "  limn.  Trana."  2nd  lor,  Td,  i.  p.  137, 
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Tbe  pterygoid  bones  of  Indicator  are  much  flattened  from  above 
downwards,  with  thin  outer  and  inner  margins^  which  are  ciirved,  a 
trmngrilar  groove  on  the  palattil  surface  running  from  end  to  end. 
In  the  CapitonidfiD  and  Ramphastidse  these  bones  are  much  more 
fsylmdroid,  the  superior  enrfaco  alone  being  thin-edged^  whilst  in  the 
Picidro  they  are  thin,  as  in  Lidieator^  but  differ  in  possessing  a  lai^ 
anteriorly  directed  process  springing  from  the  superior  snrfacG  of 
each. 

In  Indicator  there  is  a  small  notch  in  the  middle  of  the  superior 
margin  of  the  osseous  orbit,  no  trace  of  which  exists  in  any  of  tho 
other  birds  above  refeired  to.  In  its  external  osseous  narea,  also,  there 
is  no  tendency  towards  the  Ramphastine  position  of  those  orifices, 
ench  as  is  so  well  marked  in  Tetragonops;  the  alinasal  ossification  that 
tends  to  divide  each  of  the  nares  into  an  anterior  and  a  posterior 
moiety  is  hkewise  far  less  considerable  than  in  MegaJ(^7fm. 

As  is  known,  and  well  illustrated  in  Mr.  Sclater's  figure  of  the 
bone  (**Ibi8,*'  1870,  p,  178),  the  sternum  agrees  most  closely  with  that 
of  the  Capitonidm  and  Eamphastidie  ;  and  this  is  especially  the  case 
in  the  imperfect  development  of  the  posterior  extremity  of  the  median 
xiphoid  process,  which  in  the  Picida?  continues  further  onwards  to 
reach  the  level  of  the  ends  of  tho  lateral  xiphoid  processes,  at  the  same 
time  that  the  manabrial  rostrum  of  the  last-named  family  only  of  the 
group  is  bifid.  As  to  the  posterior  fitemal  notches,  the  inner  is  the 
deeper ;  and  the  same  is  the  case  in  GeGinus  viridig^  whilst  in  Pieus, 
the  Capitonidte,  and  Hamphastidas  the  outer  is  the  deeper. 

In  its  soft  parts  Indicator  agrees  with  the  Gapitonidae,  Ramphas- 
tidce,  and  Picidie,  and  diifera  from  the  Cnculidfle,  in  the  following 
particulars  :^T here  is  only  one  carotid  artery,,  the  left ;  the  ambiens 
and  the  accessory  fomoro- caudal  muscles  are  absent  (the  latter  of 
these  is  wanting  in  the  Tree- Cuckoos)  ;  there  are  no  colic  caeca.  Tho 
femioro-caudal,  semitendinosns  and  accessory  semitendinosus  are 
present,  as  is  the  large  gluteus.  The  tensor  patagii  brevis  muscle 
of  the  wing  is  inserted  into  the  extensor  metacarpi  radialis  longus 
exactly  aa  in  the  Capitonidre,  Ramphastidm  and  Picidne,  and  as  in  no 
other  birds.*  As  in  these  three  gronpa  also  (and  in  the  Galbnlidro, 
but  not  in  the  scansorial  Cucalidce  and  Psittaci),  the  deep  plantar 
tendons  are  distributed  fHjcuIiax'ly — the  flexor  profuudiis  digitorum 
supplying  the  third  digit  only,  whilst  the  flexor  longus  hallacia  sends 
slips  to  digits  i.  it.  and  it.,  as  well  as  a  vinculum  to  its  companion 
muscle.f     The  trachea  at  ita  lower  end  (flg.  3,  p.  464)  consolidates 


•   riW<?  "  Procecdingi  of  the  Zoological  Society,'*  187B,  p.  608,  PI.  XLYIII, 
,  1.     (5ii;>m,  p.  3&6.  pL2l.) 
t   T'uU  "  Procctxiings  of  tbe  Zoological  Society,*'  1875,  p.  346.   (Suprd,  p.  2&6.) 
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into  a  bony  box,  formed  by  the  fusion  of   tb©  lowermoet  rings.      To" 
tbe  enlarged  uppermost  bronchial  balf-ntig  (a  a)  the  single  slender 
intrinsic  muscle  of  eacb  sido  fans  out  to  be  attached  at  its  middle. 

Summing  np  the  results  of  the  above  analysis,  it  may  be  fitatad 
that,  among  tbe  Piciform  birds,  pterylosis,  osteology,  myology,  and 
Pag<?  935,  visceral  anatomy  place  the  Picid©,  IndicG^or^  the  Capitonids,  and  the 
BamphaBtidaE)  in  one  great  group  of  snbordinal  importance  (if  the 
peculiar  hammer  skull  of  the  Picidee  be  omitted  from  conaideration). 
In  this  Buborder  the  PicidcB  constitute  one  main  division — a  fiunilj; 
whilgt  I,  for  one,  cannot  separate  off  the  Capitonidse  from  the  Bam- 
phastidfe  by  any  well  marked  differences,  the  two  subfamilies  gradnat^ 
ing  into  one  another. 

Fig.  3. 


^rt 


Syrini.  of  Indicator  major  (enlarged)  ;  anterior  aspect 


Indicator  must^  in  ray  opinion,  also  be  placed  in  this  family,  from 
all  membera  of  which  it  differs  in  possessing  an  extra  pair  of  rectnoee. 
No  one,  however,  objects  to  keeping  all  the  Momotidaa  together  becaase 
of  a  similar  difference  in  some  of  its  genera;  why  remove  Jitdteo/or 
therefore  from  its  allies  ?  Nevertheless  Indicator  ia  not  exactly  like  a 
Capitonine  bird  in  certain  details,  so  may  be  placed  as  a  subfamily  by 
itself,  the  Indicatorinea ;  and  the  whole  series  may  be  thus  tabulated. 


Ori^iT. 
Pidformee. 


Svihordcr, 


Pici. 


Family, 

FicidiB* 
Capitooidjc, 


Subfamiljf, 
iDdicatorime. 
OfrpitouinK, 
Baiiipha«tinn» 
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78.  NOTES   ON   POINTS  IN   THE   ANATOMY   OF  THE 
HOATZIN  (OPISTffOCOMUS  CRISTA! US)* 

Pbofessob  Newton  liaving  most  kindly  placed  in  my  hands  for  dissec-  Pago  109. 
tion  three  specimens  of  Opisthocomus  cristatus  preserved  in  spirit,  I  am 
able  to  add  a  few  details  to  the  accounts  which  have  already  appeared 
on  the  stmcture  of  this  peculiar  bird. 

In  his  valaable  paper  in  this  Society's  *  Proceedings,t'  "  On  the 
Classification  and  Distribution  of  the  Alectoromorphee  and  Hetero- 
znorphffi/'  Professor  Huxley  describes  in  detail  the  skeleton  of  Page  110. 
OpisihocomuSj  concluding,  as  the  result  of  his  study  of  the  bird, 
that  it  should  constitute  a  group  (the  HeteromorphsB)  by  itself, 
which  sprang  direct  from  the  main  stem  of  Carinate  descent,  later 
than  the  TinamomorphsB,  TumicomorphaB,  and  CharadriomorphsB, 
but  before  the  Gallinaceous  birds,  Sand- Grouse,  and  Pigeons  were 
developed. 

Since  then,  in  our  "  Transactions,"  J  Mr.  J.  B.  Perrin  has  published 
a  myological  account  of  the  species,  in  which  he,  however,  compares 
it  with  few  other  birds.  One  of  Mr.  Perrin's  figures§  very  excel- 
lently represents  the  form  and  situation  of  the  immense  crop,  as  well 
as  the  situation,  in  the  unfleshed  bird,  of  the  expanded  margin  of  the 
short  carina  stemi,  from  which  an  accidental  error  made  by  Nitzsch, 
who  evidently  had  an  imperfect  skin  to  work  upon,  may  be  corrected. 
Nitzsch,  in  his  "  Pterylography,"  figures  (and  the  drawing  is  repro-  Page  111. 
duced  in  Mr.  Perrin's  memoir),  the  outline  of  the  furcula  and  sternum, 
and  does  it  as  if  the  bird  were  not  peculiar  in  the  pectoral  region.  But 
as  the  crop  occupies  almost  all  the  upper  part  of  the  breast,  and  by  its 
magnitude  distorts  the  furcula  and  sternum,  the  outline  is  quite  incor- 
rect. What  is  more,  there  is  in  the  bird  itself  an  oval  area,  about 
'75  inch  long  from  above  downwards,  and  *25  inch  in  breadth,  of 
dense  naked  skin,  covering  the  surface  of  the  expanded  upper  cutane- 
0118  sur&ce  of  the  carina  stemi.  This  is  omitted  in  the  drawing.  The 
area  surrounding  this  is  unfeathered,  although  I  find  well-developed 
plumes  in  the  middle  line  above  it,  and  no  trace  of  any  longitudinal 
median  space  of  any  kind  over  the  surface  of  the  crop  or  neck. 

Opisthocomus  is  one  of  those  birds  in  which  the  pterylosis  is  not 

•  "  Proceedings  of  the  Zoological  Society,"  1879,  pp.  109-14.     Bead,  Febr.  4, 
1%79. 

t  <*  Proceedings  of  the  Zoological  Society,"  1868,  p.  294. 
t  **  Transactions  of  the  Zoological  Society,"  vol.  IX.  p.  358. 
§  Loc.  cit.  pi.  Ixiii.  fig.  3. 
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so  decisive  of  its  affinities  as  in  many  caseft,  the  reason  being  tliat  so 
great  an  amount  of  the  nnfeathered  spaces  is  protected  by  semi. 

Fig.  1. 


IVachea  of  Opisthocomus  (front  view). 

plumes.  May  not  these  semiplumes  in  many  instances  be  degene- 
rated feathers  ?  This  question  has  never  been  decided,  so  far  as  I  am 
aware. 

To  our  knowledge  of  the  osteology  of  the  Hoatzin  I  have  no  fresh 

Page  112.  facts  to  add.     I  may,  however,  mention  that  it  is  only  in  the  Cracidie, 

among  allied  birds,  that  the  vomer  runs  so  far  forward  in  the  palate  at 

the  same  time  that  it  is  tumefied  at  its  anterior  extremity.     In  Orialis 

alhiventris  this  is  most  strikingly  the  case. 

The  alimentary  canal  has  been  so  fully  described  by  L'Herminier,* 
that  it  is  quite  unnecessary  for  me  to  enter  into  detail  with  reference 
to  it. 

Johannes  MtiUerf  has  noted  one  or  two  points  concerning  the  wind- 
pipe. Figs.  1  and  2  represent  its  anterior  and  posterior  aspects. 
The  lowermost  four  tracheal   rings  are   consolidated  together,  and 


*  "  Comptes  Rendus  de  1'  Acad.  de8  Sciences,"  1837,  vol.  v.  p.  435. 
t  "  Bericht^  Akad.  d.  Wispenechaft.  z.  Berlin,"  1841,  p.  177. 


Trachea  of  OpMhocomtt*  (bock  riew). 

imddle  of  the  pennltimate  ring.  The  second  pair  of  broncliial  seoai- 
ringa  does  not  articulate  with  the  first,  they  in  all  respects  resembling 
those  nearer  the  lungs. 

It  is  possible  that  what  is  above  cxinsidered  to  be  the  first  pair  of 
bronchial  semirings  may  be  the  last  tracheal  ring.  That  there  is  a 
small  notch  intermpting  the  continuity  of  the  infGrior  mid- anterior 
margin  of  the  tube  formed  by  the  ooneoHdated  rings,  and  that  the  ring 
aboTe  the  lowest  segment  of  the  comsolidated  tube  is  incomplete 
behind,  are,  however,  facts  in  favour  of  the  former  view* 

Among  the  Gallinas  the  only  genera  which  at  all  approach  Opi«- 
thocomus^  as  far  as  the  lower  larynx  is  concerned,  are  those  of  the 
Hegapodidae. 

The  two  carotid  arteries  of  Opi^thocomtts,  where  they  meet  in  the 
front  of  the  neck»  become  bound  together  much  more  intimately  than 
in  most  birds,  although  at  the  part  where  it  is  impossible  to  dissect 
away  the  one  vessel  from  the  other,  a  cross  section  proves  that  the  two 
tubes  are  still  quite  separate. 

Myologically,  the  great  gluteus  (tensor  fascifp  of  my  earlier  papers) 

'2  H  2 
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completely  covers  the  biceps  craris  snperficiallj.  Tbe  fifth  glnteos, 
'whicli  rans  from  the  ilium  a  short  distance  behind  tbe  acetabnlnmy 
and  covers  with  its  triangular  tendon  the  trochanter  of  tbe  femur,  is 
present,  but  small.  The  semitendinosus  and  its  acoessorius  are  both 
large,  as  are  the  femoro-caudal  and  its  accessorius.  The  xnjological 
formula,*  as  far  as  these  muscles  are  concerned,  is  therefore  AB.  XT. 
The  ambiens  mnsde  is  present  and  small ;  but  its  slender  tendon,  in 
every  case  but  one  of  the  six  knees  I  have  examined,  is  lost  upon  the 
capsule  of  the  front  of  the  knee.  In  the  one  instance  it  traversed  the 
fibrous  tissues  of  the  quadratus-tendon,  as  in  other  birds  where  it  is 
present,  to  join  the  digital  flexors  in  the  back  of  the  leg.  A  similar 
imperfection  in  the  development  of  the  ambiens  is  sometimes  found 
in  Sula  hasscmaj  Stringops  hahtopttlus^  and  in  the  species  of  the  genns 
CEdtcnemus,  The  obturator  intemus  is  triangular  in  shape,  as  in  the 
Gallinse. 

In  the  deep  tendons  of  the  foot,  the  flexor  hallucis  longus  sends  a 
Page  113.  strong  vinculum  downwards  to  that  of  the  flexor  digitorum  profundus 
before  it  runs  on  to  supply  the  hallux  itself.f  The  determination  of 
this  point  the  late  Prof.  C.  J.  Sundevall  much  desired,:^  as  in  the  only 
specimen  he  had  the  opportunity  of  examining,  and  that  imperfectly, 
the  apparent  absence  of  the  vinculum  favoured  its  Passerine  affinities. 
As,  however,  is  stated  above,  the  vinculum  is  present  and  large  in  the 
individuals  dissected  by  myself. 

In  the  upper  limb,  the  great  pectoral  muscle  is  much  reduced  at 
its  furoular  and  manubrial  origins,  over  which  the  crop  is  placed.  It 
is  thicker  lower  down.  The  fibres  of  the  second  pectoral  descend  as 
far  as  the  lower  margin  of  the  sternum ;  and  there  is  a  small  third 
pectoral  covered  by  it,  as  in  all  GallinsB,  although  in  Optsthoeomus 
it  is  reduced  in  size.  The  biceps  humeri  muscle  sends  a  peculiarly 
large  fasciculus  to  the  tendon  of  the  tensor  patagii  longus,  which 
reaches  it  opposite  the  middle  of  the  patagium.§  This  slip  I  never 
find  developed  in  the  Cracidte ;  but  it  is  present  in  the  closely  allied 
MegapodideB,  and  in  all  the  other  Gallinaceous  birds. 

The  above-mentioned  myological  facts  throw  some  light  on  the 
affinities  of  Oputhocomus,  The  presence  of  two  carotid  arteries,  an 
ambiens  muscle,  an  accessory  femoro-caudal,  and  a  deep  plantar  vin- 
culum place  its  non-passerine  nature  beyond  a  doubt.  Adding  the 
tufted  oil-gland  and  the  inch-long  colic  caeca,  the  bird  could  only  be 

•  Vide  "Proceedings  of  the  Zoological  Society/*  1874,  p.  111.  {Suprtt,  p.  208.) 
t  Vide  '•  Proceedings  of  the  Zoological  Society,"  1875,  p.  341.  (Supra,  p.  290.) 
X  "Mcthodi  Naturalis  Avium  disponendarum  Tantamen."     Stockholm,  1873, 

p.  156. 

§    Vide  "  Proceedings  of  the  Zoological  Sccii  ty,"  1876,  pp.  195,  199.     {Swpra, 

pp.  324,  329.) 


ON  THE  ANATOMY  OF  THE  HOATZIN. 


469 


related  to  the  Tinamidad,  GallinsB,  or  Rallid»,  from  which  it  will  be 
remembered  the  Cacnlidas  differ  in  that  they  lack  the  oil-gland  tnft, 
and  the  Mosophagidad  in  that  thej  have  no  colic  casoa.  Opisthocomus 
being  holorhinal,*  can  have  nothing  to  do  with  the  Charadriiform 
birds.  In  the  Ballidse  there  is  only  a  single  posterior  notch  on 
each  side  of  the  carina  stemi,  at  the  same  time  that  a  crop  is  never 
developed.  These  features,  when  correlated  with  the  peculiarities  of 
the  palate,  remove  them  from  the  necessity  of  farther  consideration. 

OpisthocomiM  must  therefore,  from  what  has  been  just  shown,  be 
a  Gallinaceous  bird,  or  form  a  group  by  itself.  As  there  is  no 
Gallinaceous  bird  without  a  direct  articulation  between  the  pterygoid 
bones  and  the  basisphenoidal  rostrum,  it  is  hardly  possible  to  include 
the  Hoatzin  along  with  them ;  and  yet  it  resembles  them  most  closely, 
as  it  does  the  CnculidaB,  in  the  length  of  its  colic  casca  and  the  number 
of  its  rectrices.  It  is  not  far  removed  from  the  Musophagidad  as  well. 
All  these  facts  can  be  expressed  as  follows : — 


Page  114. 


Diagmni  to  show  the  position  of  Opuihocamus, 

This  diagram  indicates  that  the  Galliform  ancestor,  besides  giving 
rise  to  the  at  this  moment  irrelevant  RaJlidae  and  Psittaci,  varied 
also  in  a  strictly  Gallinaceous  direction,  the  ancestor  of  Opisthocomus 


'  Proceedings  of  the  Zoological  Society,"  1873,  p.  33.     {Supr^,  p.  124.) 
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leaving  the  parent  stem  very  shortly  before  the  true  Galliiie  firrt 
appeared,  and  at  about  the  same  time  as  the  independent  pedigree  of 
the  Cncalidsd  and  Mnsophagidss  commenced.  That  the.  MnBopfaa- 
gidsB  and  the  CuculidaB  are  very  closely  related  to  the  OallinsB  ia 
proved  by  facts  brought  forward  by  me  in  an  earlier  paper;*  and 
the  anatomy  of  the  Hoatzin  seems  to  still  further  favour  this  hypo- 
thesis, by  showing  that  there  exists  a  bird  which  helps  to  fill  the  gaps 
between  them. 


79.  NOTES  ON  THE  VISCERAL  ANATOMY  OF  THE 
TUPAIA  OF  BURMAH  {TUPAIA  BELANGERI).^ 

Page  301.  On  February  8th,  1875,  the  Society  received  as  a  present  from  the 
Hon.  Ashley  Eden,  C.S.I.,  a  male  Burmese  specimen  of  Tupaia 
helangeri,  which  died,  without  any  perceptible  organic  lesion,  on 
December  18th,  1876. 

Not  much  is  known  of  the  anatomy  of  the  TupaiidsB,  the  most 
important  account  of  the  viscera  with  which  I  am  acquainted  being 
that  by  Dr.  Cantor  on  Tupaia  ferruginea.X 

Subjoined  are  the  notes  on  the  anatomy  of  the  Society's  specimen 
of  T.  helangeri. 

The  parotid  and  submaxillary  glands  are  of  about  equal  size, 
flattened  and  subcircular,  a  little  less  than  half  an  inch  in  diameter, 
the  duct  of  the  former  coursing  superficially  near  the  lower  border  of 
Pago  302.  the  powerful  masseter  muscle.  The  duct  of  the  latter  opens  by  the 
side  of  its  companion,  at  the  tip  of  a  small  and  slender  pointed  papilla 
situated  just  behind  the  symphysis  of  the  lower  jaw.  The  sublingual 
glands  form  a  linear  chain  along  the  floor  of  the  mouth. 

The  tongue,  which  is  rounded  at  its  tip,  is  1'3  inch  in  length  and 
•35  inch  broad,  having  its  margins  nearly  parallel.  Its  upper  sarface 
is  covered  with  filiform  papillaa,  among  which  are  scattered  papillas 
fungiformes,  very  much  in  the  same  proportion  as  in  the  Ruminantia. 
There  are  three  conspicuous  circum vallate  papillsB,  arranged  in  the 
usual  V-shaped  manner. 

A  rudimentary  unfringed  sublingua  exists,  which  is  lanceolate  in 
contour,  just  free  at  its  margins,  and  with  a  strongly  marked  median 


*  ■'  Proceedings  of  tlie  Zoological  Society,"  1874,  p.  121.     (Supra,  p.  220.) 
t  "  Proceedings  of  the  Zoological  Society,"  1879,  pp.  301-5.     Read,  March  18, 
1879. 

X  "  Joimi.  Asiatic  Soc.  of  Bengal,"  toI.  xv.  1846,  p.  189. 
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raphe.  It  mneli  resembleB  tlio  same  structure  in  Cheircnnijs.^  Dr. 
Cantor  says  of  the  same  organ  in  Ttqjam  /errugitieaf  that  **  on  the 
lower  surface  of  the  tongue  the  freenum  ia  continued  to  within  a  short 
distance  of  the  apex,  in  a  mised  line»  on  either  side  of  which  the  skin 
is  thickenedj  fringed  at  the  edges,  and  thus  prcBenting  a  rudimentary 
Bnblingnal  appendage,  somewhat  similar  to  that  observed  in  Nifdice- 
hue  tardujradiis^ihoxL^h  in  Tupaia  ferru*jinea  the  fringes  of  tbe  margin 
only  are  free,  the  rest  being  attached  to  the  tongue,  but  easily  detached 
by  a  knife," 

Tbe  pahite  is  transversely  grooved,  pi'eeenting  upon  its  surfaca 
seven  strong  carved  ridges,  convex  forward,  and  a  small  median 
incisor  pad  at  its  anterior  end.  The  soft  palate  is  smooth  and  lengthyi 
with  no  indication  of  the  existence  of  a  uvula. 

The  ceaophagna  has  no  free  coarse  in  the  ahdominal  cavity,  being 
embraced  by  the  diaphragm  quit^  close  to  the  cardiac  orifice  of  the 
stomach. 

The  stomach  is  subglobose,  with  tbe  cardiac  and  pyloric  extre- 
mities approximate.  When  laid  out  flat  its  circumference  is  6'2 
inches,  the  interval  between  the  axis  of  the  cesophageal  tabe  and  that 
of  the  commencing  duodenum  being  0'9  inch.  Tbe  squamous  epithe- 
lium of  the  oesophagus  does  not  enter  the  stomach,  but  ceases  at  its 
orifice,  as  in  man,  Tbe  gastric  walls  are  simple,  except  that  there 
are  somewhat  kirger  glands,  in  patches,  on  the  anterior  (ventral) 
fiui'face. 

The  liver  haa  no  umbilical  fissure,  whilst  both  lateral  fissures  are 
strongly  marked.  There  ia  a  cystic  fissai-e,  at  tbe  bottom  of  which 
the  fundus  of  the  giill- bladder  reaches  the  diaphragmatic  surface  of 
tbe  organ.  The  left  lateral^  with  its  irregular  inner  margin,  is  the 
largest  of  the  lobes;  next  comes  the  rujht  central^  on  the  visceral 
eurlace  of  which  the  imbedded  gall-bladder  lies  diagonally*  Tbe 
right  lateral  lobe  is  slightly  larger  than  the  left  central,  and  tbe 
caudate  lobe  is  bat  little  smaller,  wbilst  the  Spigelian  is  a  small  aub* 
circular  mass  of  hepatic  tLssae  supported  on  a  very  slender  stem.  The 
bile  and  pancreatic  ducts  open  together  into  the  duodenum  half  an 
inch  from  the  pyionis. 

The  walls  of  the  intestines  are  thin.  The  small  intestine  is  29"25 
inches  in  length,  and  08  inch  in  circumference.  Tbe  large  intestine  Pago  303, 
measnreB  juat  over  3  inches,  the  conical  and  blunt- tipped  cfiecum  not 
exceeding  0*7  inch  in  length.  In  Dr.  Cantor's  specimen  of  Tiipaia 
ferruginea  the  small  intestiue  ia  longer,  reaching  40  inches.  The 
mesenteric  arteries  form  loops  before  they  finally  dtatribute, 

*  Owmi,  **  TniDSJK^tion*  of  tbe  Zooktgieal  Society/*  toL  V.  PL  XXIV.  flg».  8  &  9. 
t  "  Journ.  Aftialif  8oe.  Betigul/*  1840,  p.  181),  toI.  it. 
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The  kidneys  are  smootli,  with  a  single  calyx.  The  testes  appeif 
large  proportionately,  the  particularly  big  epidid^^Hiis  alone  descending 
into  the  rudimentary  scrotum.  The  prostate  ia  bilobed,  Cowper's 
glanda  being  of  fair  size.  The  glana  penis  is  elongately  fiUformly 
conical,  and  terminally  a  little  blunted. 

The  aortic  arch  divides  as  in  man,  giving  off  a  right  innominate,  a 
left  carotid,  and  a  left  suliclavian*  There  are  two  independent 
innominate  veiiis^  right  and  left. 

The  lungs  are  deeply  divided  intti  three  main  lobes  on  each  aide, 
whilst  on  the  right  the  extra  azygoe  triangular  lobe  is  aUo  found,  no4 
so  large  as  any  of  the  others. 

Throagh  the  kindness  of  our  President^  I  have  had  the  opportunity 
of  dissecting  a  female  specimen  of  Twpaia  tana,  where  there  is  a  feebly 
developed  snblingua,  a  less  globofie  stomaoh,  a  lengthy  thin^walled 
small  intestine,  no  trace  of  a  cfv^umf  and  a  thick- walled  large  intefiliae 
3*25  inches  long,  quite  easily  distinguishable  as  such.  The  oaodili 
lobe  of  the  liver  is  much  larger  proportionately  than  in  T.  ^e/an^crt. 
In  that  there  ia  no  umbilical  fissui*e,  whilst  that  of  the  gall*bladder  ii 
very  deep,  the  two  species  agree. 

Dr.  Glint  her  has  also  permitted  me  to  eviscerate  a  BomettQ  tps* 
cimen  of  Ttipata  spletididala  in  the  National  Collection,  Its  liver  ii 
constructed  on  a  plan  identical  with  that  of  the  two  other  species,  tlit 
left  lateral  lobe  being  much  frhe  largest,  the  umbilical  fissore  nesriy 

Kig.  L 


Brmi)  i>f  TmpeUa  helam^eri  ;  Utor«l  Mpeot 

obsolete^  the  cystic  fissure  deep,  and  the  Spigelian  lobe  bifid. 
caudate  lobe,  however,  ia  long  and  narrow.  The  colon  was  very  nnuft 
distended,  and  with  it  the  ciecnituso  that  the  ileo^etecal  valve  appcmi^  Is 
be  situated  at  the  side  of  the  dilated  colon,  near  to  the  blind  extrvsnily. 
If  there  had  been  no  enlargement  I  should  infer,  from  inspection,  thil 
the  ciecum  is  normally  less  than  half  an  inch  in  length. 

The  brain  of  Tupaia  helmigeri  is  smooth  on  its  surface,  and  OtlMT- 
P%ge  804.  ^^^^  much  resembles  that  of  Solenodon^^  Bhynchocfim^  f  sfrMJrwPii, 


I 


( 


*  ''  Ueber  die  SingetltiVrgattung  Soiemodom,**  pL  ii,  **  AbbaBdlnuMi 
Akttd.  tier  Wt«B.  *u  BorliD.*' 
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and  Macrawelides,  as  figured  by  Dr.  Peters.*  It  is  broadest  a  little 
behind  its  middle,  from  whicli  it  narrows  gradually  in  front,  more 
rapidly  behind,  so  as  to  be  pjriform  in  general  outline  when  seen 

Fig.  2, 


Brain  of  Tupaia  htlangeri;  superior  aspect r 

from  above.  No  trace  of  any  convolutions  can  be  detected.  The 
olfactory  lobes  are  considerable  in  size,  longer  than  broad.  Each 
hemisphere  is  very  slightly  convex  from  before  backwards,  its  outline 


Brain  of  Tupaia  helangeri ;  mid-longitudinal  section. 

forming  the  base  of  the  triangular  side  view  of  the  organ,  the  two 
other  sides  of  which  are  of  nearly  equal  length,  so  that  its  deepest 
part  is  at  about  its  middle. 

The  corpus  callosum  is  thin  and  nearly  straight.     It  continues 
forward  to  within  one-sixth  of  the  length  of  the  hemisphere  from  its 


'  Reise  nach  Moesambique/'  1852,  pi.  xxiv.  figs.  10,  12,  18. 
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Page  305.  anterior  margin.  The  corpora  qnadrigemina  are  large,  especially  in 
front. 

The  cerebellam  is  jnst  overlapped  at  its  anterior  border  by  the 
back  of  the  cerebral  hemispheres ;  otherwise  it  is  qnite  posterior. 

The  several  lemnrine  resemblances  of  Tupada  make  the  simplicity 
of  the  cerebral  surface  somewhat  surprising. 


80.  NOTES  ON  THE  ANATOMY  OF  HELICTIS  SUR- 
AURANTIACA* 

(Plate  XXX.) 

Pago  305.  A  SPFXIMEN  of  HelicUs  suhaurantiaca,  from  China,  purchased  by  the 
Society  on  Nov.  26,  1874,t  having  died  on  Nov.  29,  1878,  I  take  the 
present  opportunity  of  recording  some  of  the  most  important  fiusts 
in  its  visceral  anatomy,  more  on  account  of  the  rarity  of  the  animal 
in  this  country,  than  because  it  presents  peculiarities  of  any  kind. 

It  may  first  be  noticed  that  the  skins  of  this  species  collected  by 
Mr.  Swiiihoe,  and  now  in  the  national  collection,  seem  to  have  faded 
much  in  their  underparts,  which,  quite  in  opposition  to  that  naturalist's 
original  account  of  his  species,  are  a  pure  white.  It  may  further  be 
mentioned  that  Helictis  is  extremely  Badger-like  in  its  proportionB, 
gait,  and  odour. 

On  comparing  the  skull  of  the  Society's  specimen  with  the  small 
collection  of  skulls  of  the  genus  in  the  national  collection,  I  found  no 
small  diflBcuUy  in  detecting  any  intimate  resemblance  to  any.  In 
most  of  its  measurements  it  agrees  exactly  with  those  of  JET.  moBchata^ 
as  recorded  by  Dr.  Gray.  J 

In  the  Society's  specimen  the  skull  retained  no  trace  of  any  sutures, 
and  the  lower  jaw  was  considerably  diseased,  apparently  in  association 
with  decay  of  the  teeth.  I  hardly  think,  however,  that  extreme  old 
age  will  account  for  the  peculiarities  of  the  individual  under  consider- 
ation. It  differs  from  other  specimens  of  R.  moscJiQfa  and  II.  subau* 
nmtiaca,  and  much  more  resembles  II,  nipaleiisls  and  H,  orientalis,  in 
that  its  zygoma  is  massive,  the  premaxillary  region  short  as  well  as 
comjmratively  broad,  and  the  mid-parietal  area  between  the  upper 
margins  of  the  temi>oral  muscular  origins  decidedly  broad.     The  pre- 


•  "  l»nH*otHiing8  of  tlie  Zoological  Society,"  1879,  pp.  305-7.  PL  XXIX.  Rc»d, 
March  18,  1879. 

t   Vide  *•  Pi\>cctxiinpe  of  tlie  Zoological  Society,"  1874,  p.  666. 

X  Catalogue  of  CaruiTorous,  Pachydermatous,  and  £dentate  Mammalia  in  ibe 
British  Museum,  1869,  p.  143. 
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molar  aod  molar  teeih  are  heavier  than  in  H,  motehaia  and  H.  sub- 
auraniiaca,  lighter  than  in  H.  nipalensis  and  H.  orientalis^  with  the 
two  former  of  which  species  it  most  agrees  in  the  size  of  the  zygomatic 
foramen,  with  the  two  latter  in  its  situation. 

The  following  were  the  measurements  taken  a  few  hours  after  Pago  306. 
death  :— 

inches. 

Tip  of  nose  to  hase  of  tail 14*25 

Tail 6-9 

Ear 1-4 

Tip  of  nose  to  occipital  ridge 8*8 

Sex,  female. 

The  two  pairs  of  inguinal  nipples  are  widely  separate,  forming  the 
four  corners  of  a  square. 

The  clavicles  are  reduced,  each  *3  inch  long,  the  scapular  extremi- 
ties remaining. 

The  tongue  is  covered  with  small,  similar,  retroverted  filiform 
papillce,  with  a  fair  scattering  of  fungiformes.  The  papillas  circum- 
vallatffi,  two  on  the  left,  three  on  the  right,  and  one  in  the  angle,  form 
the  usual  Y. 

The  right  lung  has  four  lobes,  one  being  the  azjgos.  On  the  left 
side  there  only  two  lobes. 

The  stomach  is  exactly  like  that  of  ArctictU  binturong  (as  figured 
by  me*)  and  nearly  all  Camivora  when  contracted.  The  small  intes- 
tine is  seven  feet  in  length,  the  large  intestine  six  inches  and  three 
quarters.  There  is  no  csecum ;  but  an  abrupt  change  in  the  nature  of 
the  mucous  membrane  from  thin  and  villous  to  thick  and  smooth  in- 
dicates the  junction  of  the  tubes. 

The  hver  conforms  completely  to  the  carnivorous  type,  the  right 
central  lobe  being  largest,  with  a  deep  cystic  fissure,  and  a  gaU- bladder 
BO  deeply  imbedded  that  its  fundus  is  seen  on  the  diaphragmatic  sur- 
face of  the  organs.  The  left  lateral  lobe  comes  next  in  size,  the  right 
central,  and  then  the  caudate  following,  after  which  the  left  central 
lobe,  and  the  small  Spigelian  last. 

The  pancreas  is  seven  inches  in  length,  its  left  terminal  two  inches 
being  in  relation  with  the  narrow  spleen  (two  and  three  quarters 
inches  in  length). 

There  is  a  pair  of  pea-sized  anal  glands,  opening  into  the  rectum 
near  the  sphincter,  in  a  linear  transverse  orifice  on  either  side. 

The  uterus  is  strongly  bicom ;  the  vulva  much  enlarged,  with 
a  well  developed  gland  on  each  side  of  the  orifice  of  the  meatus 
urinarius. 


•  -*  Proceedings  of  the  Zoological  Sodetj,"  1873,  p.  li».     (Suprd,  p.  164.) 
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The  brain  conforms  to  the  MoBteline  Camivorons  type^  not  to  that 
of  most  of  the  Arctoidea.  In  Prof.  Flower's  exoellentlj  concise  defini- 
tions of  the  three  different  arrangements  of  the  cerebral  conyolntions 
in  the  Camivora,*  he  tells  ns  that  "  in  the  Arctoidea  the  fissnre  of 
Sylvias  is  rather  long,  and  slopes  backwards ;  the  inferior  gyms  has 
the  limbs  long,  corresponding  with  the  length  of  the  Sylvian  fissnre, 
the  anterior  rather  narrower  than  the  posterior  (especially  in  the  true 
Bears)  ;  the  middle  gyms  is  moderate  and  equal-limbed,  the  npper 
one  large,  very  broad  in  fronts  and  distinctly  marked  ofE  from  the  second 
Page  807.  posteriorly  as  far  as  near  the  lower  border  of  the  temporal  lobe  (J). 
The  cmcial  fissure  is  long  and  oblique,  and  situated  further  back  than 
usual."  In  the  footnote  (X)  ^®  read,  **  Except  in  the  smaller  num- 
bers of  the  genus  MttstelOf  where  the  sulcus  separating  the  superior 
from  the  middle  gyrus  is  less  produced  posteriorly  than  in  others  of 
the  group.  In  Galictis  vittata^  however,  the  brain  is  quite  a  miniature 
of  that  of  a  Bear ;  but  the  middle  convolution  is  united  with  the  upper 
one  at  its  superior  anterior  angle.** 


Fig.l. 


Brain  of  HeliclU  tmhauramtiaca ;  superior  aspect. 
Fig.  2. 


Brain  of  Hflicfis  siihamrantiaca  ;  lateral  aspect. 


*  PriHWHlinp*  of  the  Zoologic-al  SofietT.'*  1869,  p.  482. 
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In  HdictiSy  as  also  in  Ictowyx  zorilla,  the  saperior  gyros  ceases  at 
the  snperior  posterior  angle  of  the  hemisphere,  as  in  Mustela.  The 
anterior  limb  of  the  inferior  gyrus  is  extremely  narrow,  especially 
near  its  npper  end,  where  it  becomes  almost  hidden  by  the  correspond- 
ing part  of  the  posterior  limb  of  the  same  gyros.  A  small  solcos 
tends  to  divide  the  transverse  part  of  the  middle  gyros  from  its  pos- 
terior limb. 

Most  pecoliarly,  in  Helictis  there  is  no  crocial  fissore,  because  the 
hippocampal  gyrus  appears  upon  the  superior  aspect  of  the  brain.  This 
is  the  case  in  no  other  camivoroos  animal  with  which  I  am  ac- 
quainted, hot  occors  in  Moschus,  Cervus  pudu,  and  other  smaller 
Bnminantia. 


81.  ON  THE  CONFORMATION  OF  THE  THORACIC 
EXTREMITY  OF  THE  TRACHEA  IN  THE  CLASS 
AVES.    Part  I.   THE  GALLINiE.* 

Inspection  of  the  windpipes  of  several  species  of  allied  birds  makes  it  Page  854. 
evident  that  the  bifurcation  of  that  tube  to  form  the  bronchi  is  brought 
about  in  different  ways  in  almost  every  case,  by  various  alterations  of 
greater  or  less  degree  in  the  proportionate  development  of  the  several 
rings  and  semirings  entering  into  the  composition  of  the  organ.  In 
the  case  of  the  non-oscinine  Passeres,  Johannes  Miiller  has  proved  the 
great  importance  of  the  study  of  the  "  lower  larynx  "  or  syrinx  in  the 
determination  of  the  affinities  of  the  species.  In  the  present  com- 
munication it  is  my  desire  to  continue  his  line  of  investigation  to 
other  families  of  the  class,  laying  more  stress  on  the  cartilaginous 
structures,  and  less  on  the  muscles  moving  them.  Opportunities  are 
specially  in  favour  of  my  studying  the  GallinsB  at  the  present  time ; 
therefore  this  first  fasciculus  is  an  account  of  the  bifurcating  wind- 
pipe in  those  species  of  the  Order  which  it  has  been  my  good  fortune 
to  examine. 

By  C.  J.  Temminck,  in  his  valuable  "  Histoire  Naturelle  G^n6rale 
des  Pigeons  et  des  Gallinac^s",t  several  of  the  windpipes  of  the 
Gkdlins)  are  figured.  These  will  be  mentioned  when  the  respective 
species  are  discussed. 

•  "  Proceedings  of  the  Zoological  Society,"  1879,  pp.  864-80.  Read,  -April  1, 
1879. 

t  Amsterdam,  2  vols.,  1813  and  1815. 
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It  is  in  the  Peafowl  that  the  thoracic  terminatioiia  of  the  trachea  is 
less  complicated,  as  far  as  my  experience  goes,  than  in  any  other 
Gallinaceous  hird ;  and  the  arrangement  is  so  simple  that  it  is  not  easj 
to  imagine  one  much  more  so.* 

In  the  chick  (a  month  old)  of  Pavo  spidfer  (figs.  1,  2)  the  ante- 
penultimate  trafihftal  ring  is  free,  and  agrees  with  those  aboye  it  in  thai 
the  interannnlar  intervals  are  redaced  to  a  minimnm,  at  the  same  time 
P«iee  355.  that  anteriorly  it  is  slightly  bent  downwards  in  the  middle  line,  to 
assist  in  the  changes  of  form  connected  with  the  bifurcation  of  the 
tube.  The  penultimate  ring,  from  its  position,  is  more  pronounced 
in  this  respect,  whilst  posteriorly  the  pessulus  runs  up  to  blend  with 
it,  not  at  its  inferior  margin,  but  by  a  wedge-shaped  cartilaginoiis 
expansion,  the  apex  of  which  touches  the  lower  margin  of  the  ring 
above.  That  this  is  so  is  proved  by  the  existence  of  two  oblique 
indented  lines,  one  on  each  side,  converging  superiorly,  where  they 
nearly  meet  to  form  the  apex  of  the  just-mentioned  wedge.  The  last 
tracheal  ring  anteriorly  sends  down  an  obtuse  median  process,  the 
inferior  margin  of  which  constitutes  the  summit  of  the  notch  between 


Fig.l. 


Fig.  2. 


Front  Tiew. 


Back  view. 


Favo  spicifer  (adult). 


X.B. — Tliis  and  all  the  subsequent  diagrams  are  drawn  to  one  scale,  and  have 
no  relation  to  the  actual  size  of  the  structures. 

the  divaricating  bronchi,  whilst  its  posterior  surface  forms  the  anterior 
attachment  of  the  pessulus.  Posteriorly  this  ring  is  incomplete,  the 
two  obliquely  truncated  ends  being  separated  by  a  considerable  interval 
occupied  by  the  pessulus  in  the  middle  line,  and  laterally  by  the  com- 
mencement of  the  membranous  inner  walls  of  the  bronchi. 


Viiit  Temminck,  loc,  cit  pi.  i.  fig.  2. 
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In  the  middle  of  the  upper  border  of  the  peBTiltimate  ring  an- 
teriorly a  white  line  is  seen  sending  a  limb  down  on  either  side,  beyond 
Uie  ring  itself,  on  to  the  next,  at  the  lower  raargin  of  which  it  ceases 
at  the  root  of  the  ohtnse  median  process.  Such  an  appearance 
indicates  that  in  the  older  bird  fnsion  of  the  two  rings  will  occnr  at 
ibe  spot,  aa  an  inspection  of  the  part  in  the  adult  verifies.  From  the 
above  description  it  wHl  be  also  seen  that  the  pessulas — a  slender 
cylindroid  bar,  expanded  and  flattened  at  each  end — is  anteriorly 
attached  to  the  last,  and  posteriorly  to  the  penultimate  ring  of  the  Page  366, 
trachea.  The  last  tracheal  ring,  it  must  not  be  forgotten,  is  incom- 
plete behind. 

The  6rst  bronchial  semiring— for  in  no  Gallinaceous  birds  are  any 
of  the  bronchial  rings  complete — ^articnlates  at  both  its  extremitiefl 
with  the  last  tracheal,  anteriorly  along  the  side  of  the  oblique  median 
process,  posteriorly  with  the  lower  ang-le  of  its  square-cut  termination* 
Both  ends  are  slightly  expanded  and  obUqaely  truncated,  their  acute 
upper  angles  being  their  articulating  spots.  The  lower  margin  of  the 
last  tracheal  ring  being  concaye  downwards  and  slightly  uptipped 
laterally,  whilst  the  first  bronchial  semiring  descends  slightly  from 
its  attachments  outwards,  a  considerable  membranous  interannular 
interval  is  left.  The  second  bronchial  semiring  is  simple,  free,  and 
slightly  expanded  posteriorly.  In  front  the  third  was  bifurcated  in 
both  bronchi,  on  one  side  each  branch  being  further  subdivided.  The 
depth  of  the  bronchial  interannular  membranes  is  about  the  same  as 
that  of  the  semirings  themselres. 

Between  the  membranous  inner  wall  of  one  bronchial  tube  and 
the  same  part  of  the  other  thciio  ia  a  dense  fibrous  band  of  union,  a 
short  distance  below  the  bifurcation  of  the  windpipe,  and  generally  on 
the  level  of  the  two  or  three  semirintrs  below  the  second.  This  band 
is,  I  believe,  always  to  be  found  in  birds  (it  will  be  termed  the 
bronchidesmue  in  this  communication)  developed  to  a  greater  or  less 
extent.  Being  of  fibrous  tissue  and  connected  with  the  membranes  of 
the  neighhonrhood,  anatomists  have  removed  it  whilst  dissecting  the 
organ  for  examination.  Its  importance,  however,  is  more  considerable 
than  might  be  at  first  imagined ;  and  I  only  regret  that  in  many  of 
the  subjoined  descriptions  I  took  no  note  of  it.  In  birds  like  the 
Tetraonidro  the  bronchidesmns  is  so  strong  that  it  cannot  escape 
special  observation. 

The  adult  female  presents  no  modifications  of  importance.  The 
penultimate  and  last  tracheal  rings  are  relatively  a  little  smaller  and 
have  blended  in  front  in  the  middle  line,  %vhilat  all  trace  is  lost  of  the 
shape  of  the  posterior  termination  of  the  peasulus.  The  articulating 
surfaces  of  the  first  bronchial  semiring  have  become  slightly  more 
considerable. 
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Tbe  mbdi  (vMle)  P-  migripmmiM  diCsn  in  Uwt  iW  AotepeBnltnitt 
ttrndml  fin^  laloidft  ABAerkkrlj  with  tliB  pettnlluBmle,  ml  Uie  mmm  tmm 
tlyil  Ikere  is  a  greater  fnsioa  between  tiie  peDoltimate  w»d  last  riofK 
•n  three  apparentlf  trfenduiig  behind  as  well.  The  interaaniilar  iateml 
between  the  hhst  txaehsal  rin^  and  the  Srsi  bnynchial  eenunng  is 
ledooed  to  little  more  than  a  line,  and  the  bronchial  interannakr 
internals  are  rery  smalL 

It  ta  to  be  speciallj  noted  thai  in  the  genna  P«m»  the  neoai 
bronchial  semiring,  hj  not  ariicniating  with  the  one  above  it  at  either 
eoidy  doea  not  participate  in  the  formation  of  the  epecialized  lower 
larjmx.  This  ia  a  feature  indicating  Don-elaboration  of  the  organ.  No 
other  Gailtnaceooa  bird  with  which  I  am  acquainted  lOiflirAki  Fmto 
in  this  reapect 

In  CaeeahU  rufa  the  thoracic  ertremit j  of  the  trachea  ia  peffeel^ 
F»gt  $57*  gimple,  and  all  the  rings  are  in  contact  with  those  cont^guoaa  to  thm 
throagboot  their  circnrnference.  The  lower  margin  of  the  pennHtaiAie 
ring  faces  stightlj  outwards  on  either  side^  whilst  in  the  middle  Hoe 
in  front  it  fasee  with  the  ring  below  it,  a  welUdefined 
ossification  developing  in  the  region,  upwards  as  far  as  the 
margin  of  the  penultimate  ring,  and  downwards  to  the  median  ] 
of  bifarcation  of  the  last  ring,  from  which  it  extends  laterallj  a  i 
distance.  The  pessulus  is  attached  as  in  Paro.  It  ia 
anterior  termination  being  the  ossificatiou  just  described ;  the  post 
is  a  triangular  extension  into  the  middle  of  the  posterior  surboe^ 
the  penultimate  ring,  the  apex  of  which  reaches  its  superior  i 
The  first  bronchial  semiring  ia  ooncare  upwards^  and  in  fz\mi  fbrva  j 

Fig.  a. 


Front  Tiew, 


Ca^eaiU  rmfu. 
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sharp  intumed  angalar  process  at  the  spot  where  it  articulates  with 
the  anterior  extremity  of  the  second  semiring.  Posteriorlj  its  arfcicular 
upward- directed  process  is  more  developed — so  much  so  that  the  con- 
tour line  of  the  posterior  estremifcy  of  the  last  tracheal  is  continuous 
with  that  of  the  ring  under  consideration  and  the  next  as  wclL  The 
second  hronchial  semiring  differs  hut  tittle  from  those  which  follow  it^ 
except  in  that  it  articulates  with  the  one  above.  Its  extremities  are 
somewhat  more  expanded,  and  articulate  freely  with  the  angles  of  the 
first  ring-  Auteriorly  it  sends  inwards  a  poitited  angular  process, 
which  advances  further  towards  the  middle  line  than  does  the  similar 
angle  of  the  Bomiring  above^  with  which  it  closely  articolatea.  The 
semirings  which  follow  have  also  pointed  anterior  ends,  running  Fog©  338. 
inwards  almost  as  much  as  does  the  second,  in  s  manner  very  cha- 
racteristic of  all  the  genera  in  which  the  second  semiring  is  pointed  and 
prolonged.  There  ia  no  trace  of  any  interval  between  the  penultimate 
nnd  last  tracheal  rings.  Between  the  last  and  the  first  bronchial 
semiring  the  interval  is  a  capacious  ovoid.  That  between  the  first  and 
second  bronchial  semirings  is  elongate  and  shallow,  not  deeper  than 
the  lower  bronchial  intervals.  Caccahis  saxaitUs  agrees  with  0-  nv/ct, 
except  that  in  the  former  there  is  a  slight  development  of  antero- 
lateral interannular  intervals  between  the  lower  tracheal  rings,  as  in 
Argufy  the  account  of  which  follows. 

In  Argus  giganteiis  the  lowermoafc  tracheal  rings  ai'e  separated  by 


Fig,  5, 


Fig.  6. 


Front  yriew. 


Bock  Tiew. 


Arffus  ffiffontent. 


narrow  intervals  in  front,  where  in  the  middle  line  the  last  three  fuse 
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and  ossify  into  a  mass  whose  lower  border  descends  but  litUe  bebw 
the  level  of  the  inferior  margin  of  the  nnmodified  last  ring  for  the 
articnlation  of  the  anterior  extremities  of  the  first  bronchial  semirings. 
Posteriorly  the  pessnlns  joins  the  penultimate  ring,  the  two  hinder 
ends  of  the  last  ring  being  well  separated.  The  first  bronchial  semi- 
ring is  large  and  strongly  convex  downwards  from  the  development 
at  each  of  its  ends  of  nptnmed  articulating  processes,  at  the  junction 
of  which  with  the  horizontal  portion  of  the  tube  the  second  semiring 
articulates  along  its  lower  border.  The  interval  between  each 
lateral  element  of  the  last  tracheal  ring  and  its  oorresponding  first 
bronchial  semiring  is  considerable,  tending  to  a  quadrate  form,  whilst 
Page  359.  that  between  the  first  and  second  semiring  is  much  narrower  and 
meniscoid.  The  second  semiring  itself  is  strongly  convex  downwards, 
articulating  behind  by  its  extreme  end  with  the  ring  above,  but  in 
front  continuing  onwards  as  a  triangle  beyond  the  articular  point  into 
the  internal  bronchial  membrane  a  short  distance.  The  anterior 
terminations  of  the  few  lower  bronchial  semirings  are  similarly 
pointed ;  and  posteriorly  they  run  inwards  (especi^y  the  fourth 
and  fifth)  considerably  more  than  do  semirings  one  and  two. 

Polyplectron  ehinquia  so  closely  resembles  Argtu  in  all  respects  thai 
no  description  of  it  is  needed.  The  first  and  second  bronchial  semi- 
rings are  proportionately  a  little  stronger;  the  antepenultimate 
tracheal  ring  does  not  actually  fuse  with  the  penultimate,  and  in  one 
specimen  the  pessulus,  instead  of  blending  with  the  penultimate  ring 
behind,  runs  upwards  cuneately  between  the  separated  ends  of  that 
ring  to  touch  the  lower  margin  of  the  antepenultimate  ring.  From 
this  and  other  facts  pointing  in  the  same  direction,  to  be  mentioned 
subsequently,  it  may,  with  much  probability,  be  inferred  that  this 
arrangement  just  mentioned  is  the  typical  one,  consolidation  of  the 
pessulus  with  the  posterior  extremities  of  the  penultimate  tracheal 
ring  having  occurred  in  those  cases  where,  among  the  GrallinsB,  that 
bar  is  found  connected  with  it. 

In  Ithag  17118  geofroii  ((S  adult)  there  is  a  transversely  fusiform 
median  interannular  interval  between  the  lower  tracheal  rings  an- 
teriorly, entirely  absent  behind.  The  antepenultimate  and  penulti- 
mate rings  are  slightly  separated  throughout,  most  at  the  sides,  whilst 
between  the  penultimate  and  last  rings — fusing  though  they  do  in  the 
middle  line  anteriorly — there  is  a  slight  elongated  oblong  interval  on 
either  side  of  the  fused  isthmus,  extending  outwards  as  far  as  the 
lateral  margin  of  the  tube,  but  not  further  backwards.  The  peesuhis 
gives  no  indication  of  separation  from  the  penultimate  tracheal  ring 
posteriorly,  whilst  anteriorly  it  springs  from  the  last  ring,  between 
which  and  the  first  bronchial  semiring  there  is  a  considerable  interval. 
This  semiring  is  somewhat  squared,  sending  pp  processes  (an  anterior 
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ad  a  posterior)  of  no  great  length  to  articulate  with  the  last  tracheal 
ring*,  the  second  Bemiring  (scarcely  diffmng  from  the  third)  just 
touehiDg  it«  two  angles  snffieiently  for  it  to  be  said  that  it  does 
articulate  with  it.  In  this  species  the  lateral  stemo-tracheal  mnscle 
terminates  inferiorly  in  a  pecaliar  manner.  Ifc  is  constituted  of  two 
parta,  an  outer  and  an  inner.  Of  the  inner,  which  is  also  divided 
below  into  two,  the  median  portion  ceases  at  the  twelfth  ring  from 
the  hifarcation,  opposite  which  spot  its  outer  moiety  sends  down- 
wards a  special  thin  extra  broad  fasciculus  to  Join  the  undivided  outer 
main  element  of  the  muscle  just  hefore  it  leaves  the  windpipe,  opposite 
its  antepenultimate  ring.  The  nerve  to  these  lower  fibres  is  not 
Bm.all ;  and  from  being  superficial — resting  as  it  does  on  the  muscles 
under  consideration  as  they  descend — it  disappears  lx?hind  the  special 
fasciculus  above  described  at  the  spot  where  that  begins  to  run  inwards 
towards  its  fellow,  which  it  does  not  meet. 

In  Lophortyx  califortikus  (adult  male)  there  are  no  interaunular 
intervals  on  the  posterior  aspect  of  the  intrathoracic  portion  of  the 


^360. 


Fig.  7. 


Fig,  8. 


Front  Tiew. 


Loph<^rfffX  caiiforfiieut. 


cm  IQB  TRACHEA   OF   THE  QAUANM. 


windpipe  [as  in  so  many  of  the  birds  under  consideration^  and  de- 
pendent, no  doubt,  upon  the  proximity  of  the  oesophagus]  ;  bat 
anteriorly  the  lowermost  twelve  rings  are  thinned  in  snch  a  way  that 
the  intervals  are  oniform  and  deeper  than  the  rings  forming  them,  at 
the  same  time  that  their  bi'eadth  is  half  the  circnmferenoe  of  the  tobe 
itself^  they  contiuning  across  the  middle  line,  except  in  the  ca&e  of  the 
lowermost  three,  which  are  divided  up  by  median  junctions  of  the 
rings,  narrow  and  not  fused  between  the  antepenultimate  and  the  one 
above  it,  broad  and  blended  in  the  two  below  it*  There  is  a  narrow 
medio-an tenor  Tertical  Bbrons  bond  between  all  the  npper  thinned 
rings,  taking  the  place  of  the  lower  cartilaginons  isthmuses.  Posterlorlj 
the  penultimate  and  antepenultimate  rings  blend  in  the  middle  line,  the 
pessnlus  joining  the  former  in  the  usual  manner.  The  last  ring  is 
typical  and  incomplete  behind.  The  first  bronchial  semiring  is  lai^ 
Pti^  S6l.  and  concave  upwards.  It  develops  a  considerable  angle  on  its  oonvex 
border  in  front,  at  the  spot  where  the  next  semiring  meets  it.  Behind 
it  is  peculiar  from  its  inconsiderable  thickness,  it  meeting  the  oone- 
Fponding  extremity  of  the  last  tracheal  ring  for  some  distance,  oppostti 
which  part  it  is  so  narrow  that  the  expanded  hinder  end  of  the 
second  semiring  does  not  manage  to  reach  it,  and  rem&iiis  separated 
by  a  small  interval.  The  second  semiring  meets  it  to  front,  a&d 
sends  inwards  beyond  the  articulating  spot  a  pointed  pfooess  of  aotn* 
length.  The  lower  bronchial  rings  are  similarly  pointed  and  prolongid 
in  front. 

The  branchidesmns  is  powerful,  at  the  same  time  that  its  poeteior 
mai^gin  is  the  place  of  insertion  of  the  pair  of  contiguous  powerful 
muscles  that  runs  down  the  back  of  the  windpipe,  and  spreads  laterally 
80  much  as  to  be  just  seen  in  the  anterior  view  of  the  organ. 

The  windpipe  of  Oreortyx  pictui  differs  in  detail  from  that  of  the 
bird  just  described.  The  penultimate  and  last  rings  of  the  trachfa 
blend  in  the  mid*anterior  and  posterior  line ;  whilst  behind  the  ante* 
penultimate  does  so  also,  articulating  in  front.  The  next  four  rings 
anteriorly  are  lozenge-shaped  in  the  middte  line,  the  six  above  which 
are  uniformly  thinned ;  but  the  intervals  between  them  are  much  lam 
considerable  than  in  Lophortyx  ralffomkus.  Posteriorly  there  art  oo 
interannular  intervals  at  all.  The  bronchial  semirings,  the  poslirior 
muscles,  and  the  bronchidesmus  are  as  in  hypkortym. 

In  AThoric4>la  aJtrogularu  the  bifurcating  portion  of  the  windfip* 
most  closely  resembles  that  of  the  American  Quails.  With  no  poa* 
terior  interannular  intervals,  those  in  front  are  deep  nnd  tw^elT^oriO 
in  number,  being  interrupted,  in  the  case  of  that  between  tli«  bsl  sad 
penultimate  rings,  by  a  large  medio-anterior  loxenge-shaped  oanficalka 
which  unites  them,  but  continuous  above  except  that  a  fine  fifacoos 
band  runs  up  the  tube,  as  in  Lophorhfst^  previonsly  described.      Ths 
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thimied  antero-lateral  element  of  the  last  ring  has  a  slight  special 
downward  curve  towards  its  moer  end.  In  Oreortyxihere  is  an  indica- 
tion of  the  same.  The  second  bronchial  semiring  ia  prolonged  inwards 
pointedlj  in  front,  and  posteriorly  does  meet  the  first  semiring  to 
articulate  slightly  with  it. 

In  Cofumix  communu^  with  which  G.  coromandelica  agreea  in  every 
respect,  the  posterior  surface  of  the  intrathoracic  portion  of  the  trachea 
is  seen  to  he  fonned  by  rings  betwet^n  which  wo  interannoilar  intervals 
exist,  except  as  transverse  lines.  Anteriorly,  however,  the  rings  are 
very  much  thinner,  becoming  so  abruptly  at  the  side  of  tho  tube^  and 
the  intervals  between  them  are  nearly  twice  their  depth,  even  more 
than  that  towards  the  bifurcation  ol  the  tube.  Narrow  medio-anterior 
perpendicular  isthmnaes  of  fibrous  tissue  connect  the  lowermost  six 
rings.  Laterally  the  penultimate  ring  is  slightly  upturned,  more 
behind  than  in  front.  The  antero- lateral  thin  portion  of  the  circum- 
ference of  the  last  ring  is  decidedly  convex  downwardSt  as  is  also  the 
first  bronchial  semiring  and  the  second.  The  last  tracheal  ring  sends 
downwards  a  medio- an  tenor  oblong  process,  ossified  in  the  adult,  to 
the  lower  angles  of  which  the  first  semirings  articulate  by  their  Pa^e  363. 
equally  lengthy  extensions  inwards  beyond  the  short  articular  pro- 
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cesses  for  the  aeccmd  senuringa.  The  posterior  articnlarions  of  the 
incomplete  ]BBt  toacheal  ring  with  the  fint  aemiriii^  aod  of  thai  widi 
the  second  on  each  side,  are  considenble,  and  much  the  aame  in  delul 
as  in  CaccahU.  The  pessnlns  Uends  with  the  pannltiiiiate  ring  behind. 
The  lateral  intervals  between  thepennltiniate  and  laai  linga  aie  piano- 
conYez,  the  plane  skle  being  uppermost ;  ilioae  Leiweai  the  laafc  liag 
and  the  first  bronchial  semirings  are  meniaooid,  tutj  deep^  and  < 
upwards.  Between  the  first  and  aeccmd  aemiiingthe  interval  i 
elongate,  and  cnrved  like  the  one  above  it. 

Ptilopackys  veniralis  di&rs  totj  little  from  Coimndxin  tfaia  paitol 
its  windpipe. 

Bollulus  eoronatui  closely  resembles  the  Ortygea  and  Qnaila.  There 
are  five  f airlj  deep  antero-lateral  interannnlar  intervals  between  the 
lowermost  six  tracheal  rings,  these  same  rings  meeting  in  the  middle 
line  in  front  as  well  as  throngh  all  the  posterior  moietj  of  the  circam- 
ference.  Ossification  extends  throngh  the  median  foaed  anterior 
portions  of  the  penoltimate  and  last  tracheal  rings,  as  well  aa  a  abort 
Page  363.  distance  posteriorlj  into  the  middle  of  the  lower  border  of  the  penulti- 
mate ring  from  the  fair-siaed  bony  pessnlns.  The  last  tracheal  ring 
sends  downwards  a  thick  short  process  from  its  hinder  end  on  either 
side,  to  articulate  with  the  equally  developed  upturned  posterior 
extremity  of  the  first  bronchial  semiring,  the  anterior  upward-  and 
inward-directed  terminal  limb  of  which  is  proportionately  long,  at  the 
same  time  that  the  angle  it  makes  with  the  main  element  of  the  ring 
is  very  abrupt.  The  second  semiring  is  nearly  in  contact  snperioriy 
with  the  first  throughout  its  length.  Anteriorly  it  ends  in  a  point,  as 
do  the  lower  semirings,  which  extends  a  short  distance  into  the  inner 
membranous  wall  of  the  bronchus.  Posteriorly  it  is  slightly  enlarged 
and  rounded,  ceasing  a  short  distance  outside  the  posterior  angle  of 
the  semiring  above,  with  which  it  is  in  contact. 

Turning  to  the  genus  Euplocamus,  in  Euplocamus  stoinhoit  the  last 
four  tracheal  rings  become  slightly  enlarged  from  above  downwards. 
Between  the  simple  antepenultimate  ring  and  the  one  above  it  there  is 
a  slight  interval,  except  in  the  middle  line  behind,  where  a  general 
fusion  of  the  last  three  rings  occurs,  as  in  all  Euplocamx.  The  penul- 
timate ring  sends  downwards  a  narrow  tongue-shaped  median  process 
anteriorly,  which  touches,  but  does  not  join,  the  upper  margin  of  the 
there  indented  terminal  tracheal  ring.  Its  upper  margin  is  also 
slightly  irregular.  The  last  ring  is  peculiar  in  front.  Besides  the 
shallow  and  broad  concavity  in  the  middle  of  its  upper  border,  it  sends 
downwards  a  deep  and  transversely  considerable  semiovoid  process, 
notched  at  its  apex,  which  is  lowermost,  to  form  the  median  element 
of  the  actual  bifnrcation  of  the   tube.      On  either  side  of  this  notch, 
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just  beyond  it,  the  anterior  e^ttremity  of  the  first  bronchial  semiring 
artionlates  by  its  triangularly  expanded  end,  the  lower  angle  of  which 
is  jointed  with  the  not  much  spoclaliKed  second  semiring,  which  pca- 
teriorly  articnlatea  by  ita  somewhat  expanded  termination  with  the 
first  semiring  also.  The  hinder  extremity  of  the  first  semiring  fuses 
with  the  last  tracheal,  as  does  the  posterior  termination  of  the  pes* 
en  Ins,  to  form  a  continnons  cartilage  along  the  back  of  the  tube  as 
high  as  the  upper  border  of  the  antepennJtimate  tracheal  ring.  An- 
tero-laterally  the  annular  interval  between  the  pennltimate  and  last 
rings  is  well  developed,  and  bent  downwards  near  the  middle  line  on 
account  of  the  presence  of  the  process  and  notch  above  described.  The 
interval  between  the  last  tracheal  ring  and  the  first  bronchial  semiring 
18  very  large  and  deep  on  account  of  the  great  size  of  the  descending 
proems  of  the  former.  The  interval  between  the  first  and  second 
semirings  is  ovate  and  slightly  deeper  than  those  which  follow.  The 
pessnlns  is  narrow. 

Euploeamtcs  proilaiMs,  E,  nydithemerm^  and  B,  cdhoarutatm  differ 
from  J^,  mvinhoii  in  that  anteriorly  the  median  process  from  the  lower 
boi'der  of  the  penultimate  ring  blends  with  the  upper  border  of  the 
last  tracheal,  as  does  the  upper  border,  but  by  a  more  slender  iathmus, 
with  the  antepenultimate.  In  E,  n^fcJdJtemeru^  and  E.  albocnstatus 
there  is  a  further  fusion  of  the  anterior  extremity  of  the  first  semiring  Page  364. 
with  the  last  tracheal  at  its  (should  be)  articnlating  spot. 

The  peasulus  is  broad  j  and  the  angle  on  each  side  of  its  posterior 
blending  with  the  peneltimate  ring  runs  a  short  way  into  the  latter  so 
as  to  reduce  its  depth  a  little  at  the  spot.      The  interannular  intervals 

f'he  same  as  in  E.  swlnhoiif  except  the  one  between  the  antepennl- 
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timate  and  penultimate  lings,  which  ts  iotermpted  in  front  by  the 
narrow  cartilaginous  isthmas  between  thera.  Above  this  the  folio w^ing 
twelve  rings  or  so  touch  all  round  ;  and  they  are  sucoeeded  by  typi- 
cally intertocking  rings  in  the  cervical  portion  of  the  tnbe.  It  must 
be  also  mentioned  that  whilst  the  plane  of  the  penultimate  tr^cbeal 
ring  ia  tranarerae,  that  of  each  lateral  moiety  of  the  laat  one,  as 
well  as  the  first  bronchial  semiring,  mns  upwards  from  ita  more  fixed 
median  anterior  and  posterior  parts.  The  plane  of  the  seoond  semi- 
ring makes  an  angle  of  some  15*^  with  the  first. 

In  this  last  respect,  as  well  as  others,  the  genua  Phanamm^  diffen 
from  Euplocatnus.  In  FhatimnuBwaSUchii^  P,  eolchiem^  and  P.  wenioolBt 
the  plane  of  each  tracheal  ring^  as  well  as  that  of  the  nppermosl 
bronchial  semirings,  is  nearly,  if  not  perfectly,  transrerse.  The  whole 
trachea  narrows  slightly  at  its  lower  end,  to  expand  again  opposite 
the  last  two  or  three  rings.  As  in  Suplocamus^  the  laat  tknee  ring! 
fuse  in  the  middle  line  behind,  as  do  the  last  two  (in  P.  waUiekii  the 
last  three)  in  fronts  whilst  in  ad  nil  btrda  the  anterior  extremities  of 
the  first  and  second  semirings  participate  in  the  blending,  aa  does  the 
pessnlna  posteriorly.  In  P.  colehicut  and  P.  V€r»t^>olt>r  (whidi  differ 
from  P.  walUchii  about  as  much  as  Euploeamn9  twinhoii  does  from  its 
Page  965*  allies)  there  is  a  robustness  about  the  last  two  tracheal  rings  and  the 
first  two  bronchial  semirings  jieculiar  to  them.  Their  direct  fpool 
view  always  exhibits  the  posterior  articulation  of  the  first  bronchial 
semiring  with  the  ring  above  and  the  semiring  below,  as  in  no  other 
Gallinaceous  bird  vrith  which  I  am  acquainted ;  tbns,  it  ineladai  the 
whole  of  the  considerable  interannular  intervals  between  them«  the 
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upper  ovoid,  tlio  lower  semUovoid,  with  it^  convexity  downwards.  In 
Phasianus  tliere  is  no  interval  between  the  pennltimate  and  last 
tracheal  rings,  nor  any  of  importance  higher  np.  In  P,  colchtcug,  how- 
ever, above  the  antepeunltimate  ring,  there  ai'e  Hmall  median  intervals, 
fusiform  and  elongate  in  front,  minute  behind*  These  sihortly  become 
the  notches  of  the  interlocking  superior  rings. 

Pucr(Uia  darwitii  ia  so  like  the  gentis  Phasianus,  as  far  as  the  parts 
nnder  conflideration  are  concerned^  that  it  needs  no  separate  descrip- 
tion. Any  d [Terence  is  in  the  direction  of  EaplocarniAs^  the  sides  of 
the  last  tracheal  ring  being  slightly  uptilted. 

Returning  to  Euploeafti^is^  a  start  in  another  direction  brings  us  to 
Thaumalea,  T.  piefa  and  T.  amhersiun  being  identical^  as  far  as  their 
windpipes  are  concerned.  In  this  genus  the  intrathoracic  rings 
(tracheal  rings)  are  in  cob  tact  all  round,  as  far  as  and  including  the 
penultimate  ring,  which  sends  down  a  short  median  anterior  process 
to  articulate  with  a  small  corresponding  upward-directed  one  from  the 
upper  margin  of  the  last  ring.  Posteriorly,  in  the  young  bird,  the 
blunted  trifingular  extremity  of  the  pessulus  interpolates  itself  be- 
tween the  two  slightly  expanded  ends  of  this  (therefore  imperfect) 
ring,  its  extremity  meeting  and  even  disrupting  the  continuity  of  the  Fago  366, 
lower  edge  of  the  antepenultimate  ring  to  a  small  extent*  Tbe  last 
tracheal  ring  is  characterised  by  the  great  obliquity  of  the  plane  of 
its  lateral  moieties,  the  downturned  angle  between  which  is  less  than 
45°,  Behind  there  ia  a  considerable  interval  between  its  downward- 
directed   ends,  filled  up    by   the    pessulus,  which  is  prevented  from 
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toncliing  tliem  by  the  infcnisioii  of  the  extremities  of  the  similar 
of  the,  also  incomplete,  penultimate  ring.  In  front  the  middle  of  tho 
ring  is  expanded  into  a  l^trge,  quadrilateral,  square- set  cartiJage, 
ossified  in  the  adult,  from  the  superior  angles  of  which  the  sJender 
oblique  side  elements  of  the  ring  take  origin,  to  the  inferior  angles  of 
wliich  the  ^r&t  bronchial  semiring  ia  articulated  in  the  chick  and  con* 
solid  ate  d  in  the  adult ;  the  middle  of  the  superior  margin  of  which 
ako  articulates  or  blends  with  (aceording  to  the  age)  the  broad 
median  descending  process  of  the  pennltimate  ring.  The  first  and 
second  bronchial  semirings  are  much  alike ;  both  are  slightly  swollen 
at  their  extremities,  especially  the  anterior ;  and  their  planes  of  direo* 
tion  are  parallel,  which  is  not  the  case  in  Euplocamus.  The  lateral 
interrab  between  the  penultimate  and  last  tracheal  rings  are  like  the 
section  of  a  plano-concave  lens  with  the  concavity  (formed  as  it  is  by 
the  arch  of  tbe  lateral  moiety  of  the  last  ring)  downwards.  Tbfi 
interval  between  the  last  ring  and  the  first  bronchial  semiring  is  con- 
siderable and  broadly  fusiform ;  that  between  the  first  and  second 
semiring  is  narrow  and  lanceolate,  or  fusiform  in  tbe  adult,  where  llie 
two  semirings  consolidate  at  their  extremities. 
I  S67»  Lagcpm  scoticus  13  not  far  different  from  Thaumalea  in  certain  re- 
spects. The  lower  intrathoracic  rings  of  the  traciiea  are  bat  httl© 
modified  above  tbe  antepenultimate,  there  being  slight  median  fusi- 
form anterior  interannular  intervals,  whOst  posteriorly  tbe  nnanitod 
rings  are  keyed  together^  as  in  the  middle  of  the  windpipe  generally. 
The  penultimate  ring  agrees  with  the  same  in  Thaumalea^  even  to 
being  incomplete  behind,  the  free  ends  slightly  receding  from  the  ring 
above.  The  last  ring  anteriorly  agrees  with  the  same  genus  in  detail* 
its  lateral  arched  moieties  being  even  more  slender  and  delicftte. 
Posteriorly,  however,  its  ends  develop  into  large  fairly  eqoilatenl 
triangular  expansions,  continuous  with  the  slender  lateral  arch  at  its 
su per o- external  angle,  articulating  with  the  pohterior  end  of  the  first 
bronchial  sem.iring  at  its  inferior  angle,  whilst  ii€  snpero* internal 
angle  joins  a  similar  development  at  the  side  of  the  pessulnSi  the 
hinder  part  of  which  expands  into  a  sagittate  cartilage,  the  blunted 
apex  of  which  is  directed  upwards  to  meet  the  middle  of  tlie  inferior 
margin  of  the  antepenultimate  ring  of  the  trachea.  The  main  bar  of 
the  pessnlus  is  very  slender ;  and  all  the  structures  under  C5ons]iiem> 
tion  are  built  up  of  a  much  more  yielding  cartilage  (withont  oasi^ing 
tenilencies)  than  in  any  non-tetraonine  birds.  The  first  and  aeoond 
bronchial  semirings  are  pEiraOel  to  one  another  in  oourso  thrcNighoai, 
Fiige  3€^.  and  are  more  uptilted  laterally  than  in  Thaumalea,  Posteiiorlj  tb«/ 
are  not  expanded  and  scarcely  touch ;  anteriorly  they  expand  a  lilUa 
and  articulate  freely.  The  interannular  intervals  in  essential  poialf 
are  not  different  from  the  preceding  genus.     The  bronchial  temirings 
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below  the  second  are  peculiarly  lengthy  ;  their  exiretnities  turn  in- 
wards towarda  one  another,  and  so  slightly  intrude  into  the  mem- 
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htnnoua  inner  wall  of  each  bronchus.  One  or  more  of  the  iemirings 
may  be  bifid  at  their  anterior  ends.  The  bronchi doamua  is  partictilarly 
powerful  in  the  Tetraonida?,  inclading  Lag  op  m^  and,  as  it  were,  pulls 
the  two  tubes  into  nearer  relationship  than  would  otherwise  appear  to 
be  their  tendency. 

Lagopiis  mutu8  agrees  with  L.  McoHcug  in  every  reapect. 

Tetrao  urogaUm  and  T.  tetrix  conform  to  a  type  which  baa  several 
important  differences  from  Lagopus  seoticiiSj  although  in  comniou  they 
have  the  yielding  cartilaginous  (and  never  ossified)  rings  throughout 
the  organ  under  consideration,  aa  well  aa  the  great  development  in 
length  of  the  bronchial  semirings  beyond  the  second. 

In  the  female  of  Tetrao  tetrix  the  first  feature  that  strikes  the  ob^ 
server  is  the  consolidation  of  all  the  intrathoracic  tracheal  rings  along 
the  mid- posterior  surface  into  a  vertical  bar,  rendered  more  than  it 
would  be  otherwise  conspicuous  by  the  considerable  thinning  of  the 
lateral  third  or  more  of  each  ring  on  each  aide,  and  the  consequent 
formation  of  lateral  interannular  spaces  slightly  deeper  than  the  rings 
enclosing  them.  In  the  adult  bird  no  trace  of  the  transverse  lines  of 
junction  between  the  constituent  transverse  annular  elements  of  this 
vertical  posterior  bar  can  be  seen ;  in  the  young  bird,  however,  they 
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the  last  tea: "^.^  -^  "r^  /  t^r-"  bronchial  eemiring,  obseTTiJtl  m  r^4i«« 
nudea  for  instance,  not  being  seen.  The  first  and  second  bronchial 
semi-rings  themselves,  agreeing  as  thej  do  with  those  of  Lagoput  in 
all  respects,  are  of  the  same  thickness  as  their  neighboors  both  ahoro 
and  below — the  result  being  simplicity  of  construction  a  little  more 
apparent  than  real.  Manj  of  the  bronchial  semirings  are  bifid  at  their 
anterior  extremities. 

In  the  male  of  Tetrao  ietrix  the  trachea  is  most  extraordinary.  At 
first  sight  the  deeply  situated  intrathoracic  part  appears  to  have  no 
similarity  with  that  of  the  female,  there  being  developed,  on  each  side, 
an  immense  irregular  tume£Ebction,  communicating  with  its  fellow  by 
means  of  a  bridge  of  fatty  tissue  which  covers  the  anterior  portions  of 
the  lowermost  tracheal  rings.  When  preserved  in  spirit  tiua  tumeCao- 
tion  shrinks  to  a  comparatively  small  size,  to  swell  to  its  original 
bulk  upon  its  immersion  in  water.  This  leads  me  to  suppoae  that  it 
Page  870.  is  composed  of  *'  mucous"  tissue,  like  that  of  the  umbilical  oord,  which 
it  resembles  in  consistence.  The  ''mucous"  tissue  in  this  case  is 
entirely  developed  between  the  external  fibrous  coveringjof  the  wind- 
pipe  and  the  middle   ring-carrying  layer,  the  rings  themselves  not 
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only  in  a  few  details*  All  the  rings  and  semirings  are  thinner,  and  tlie 
interannular  intervals  greater.  The  posterior  yertical  \Ar  is  niidia- 
tinguishftble.  Anteriorly,  however,  the  lowermost  seven  tracheal  nngi 
are  not  thinned  in  the  middle  line,  where  thej^  above  the  penultiniati^ 
articnlate  above  and  lielow  to  form  what  becomes  almost  an  maliiiar 
vertical  bar  a«  welL  The  corresponding  parts  of  the  pennltimali  md 
last  rings,  considerably  narrower  than  in  T.  tetruc^  ei:pand  and  ooii- 
solidate  into  au  elongate  lozenge,  with  a  much  shorter  one  above  it* 
from  the  lateral  angles  of  which  the  rings  are  continued,  and  from  tKe 
inferior  angle  of  the  lower  of  which  the  articnlating  (and  subseqnenilj 
fusing)  anrfaces  for  the  anterior  ends  of  the  first  bronchial  rings  iknse. 
The  second  semiring  also  articulates  with  the  first,  as  in  the  alli«l 
birds,  with,  however,  a  considerably  larger  interannular  inierral  linn 
in  T.  tetrix.  The  lateral  parts  of  the  first  seoiiring  being  markedlj 
convex  upwards,  at  the  same  time  that  the  curved  last  tracheal  ring 
sends  down  rather  lengthy  processes  from  iU  posterior  extremitiee  u 
well  as  the  deep  loxengo^shaped  cartilage  in  front>  the  interval  between 
the  two  agrees  with  the  section  of  a  plano-concave  lens.  Some  of  the 
bronchial  semirings  are  bifid  at  their  estremities :  and  the  bronchi- 
deemuB  is  very  strong. 

Tetrao  eupido  is  intermediate  in  its  tracheal  bifurcation  between 
Lc^opm  tcoHeut  together  with  L.  mutus  on  the  one  hand,  and  JWm 
^ige  )71,  mro^lns  with  T.  teirix  on  the  other.  Its  cartilages  are  considerablj 
leas  yielding  than  those  of  either  genus ;  and  the  lower  tracheal  ringi, 
instead  of  fusing  behind  to  form  a  continuous  longitudinal  bar  tip- 
porting  the  remaining  parts  of  the  rings  upon  each  side,  remain  Mpa- 
rate,  in  close  contact,  for  the  posterior  half  of  their  clrcumfereDCt. 
The  pessnluB  interpolates  it«  considerable  cuneate  posterior  end  li 
high  as  the  antepenultimate  ring,  which  it  splits  up.  The  lowennofl 
nineteen  tracheal  rings  are  considerably  thinned  in  front,  the  nppnv 
most  being  least  so*  Of  these,  the  antepenultimate  ring,  as  wfit  an 
the  one  above  it^  give  indications  of  being  bent  downwarda  tm  tke 
middle  line  in  front.  This  angulation  is  more  marked  in  the  peiiiilfct- 
mate  ring,  and  most  so  in  the  last  Hngi  where  a  mid-anterior  rlioailiia 
cartikge  ezista,  of  exactly  the  same  shape  as  in  La^opm  weMemM.  TW 
first  and  aeoond  bronchial  semirings  agree  preciiely  witli  Ihose  of  the 
last-named  speoiea*  oonvezly  t^Nntnif  as  they  are  carred ;  and,  as  ia 
all  the  speeisa  of  Lagopm  and  Telrao,  the  bionehidesBtas  ia  alro9|fr«  al 
iim  same  time  that  the  bronchial  semirings  ahnosi  oompletely  eocircls 
the  tubes,  leaving  a  very  murow  membianotts  unsapported  wall.  Ths 
bronchial  tubes  are  fximparalavelj  feogiby. 

In  FenUs  eis^rsa  Iba  iDtnAoraeic  portion  of  tlie  toacbea  is  qails 
diflerent  iram  Che  same  in  OauMsor  any  of  iba  birds  abore  dsseribsd. 
The  ImI  aad  penaHJmaie  tndbsal  rings  are  mncb  doreldpad,  and  Usad 
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I  form  the  considemble  three- way  piece,  which  is  triangTilftr  in  fronts 
"ftpex  downwards,  and  horizontally  oblong  behind*     Of  the  anterior 


Fig.  22. 


Fig.  23, 


Front  Tiew. 


B»ok  riew. 


Perdix  ainerea. 


■triangle,  which  is  ossified,  the  two  sides  are  formed  by  tbe  last  ring, 
whilst  the  penultimate  ring  constitutes  the  base,  the  intervening 
interval  being  filled  up  with  a  thin  cartilage*  The  apex  of  the  triangle 
is  continued  downwards  in  cartilage,  this  latter  being  deeply  notched 
in  the  middle  line,  at  the  same  time  that  the  anterior  extremities  of 
the  first  and  second  slender  and  upward-arched  bronchial  semirings  Page  372. 
blend  with  it  laterally.  Laterally,  the  separation  between  the  last  and 
penultimate  rings  is  feebly  indicated,  as  it  is  posteriorly  by  the  non- 
ossification  of  the  latter,  notwithstanding  the  blending  of  the  two. 
Posteriorly  the  oblong  ossified  cartilage,  with  its  unossified  and 
fihghtly  indented  upper  margin  (the  part  formed  by  the  penultimate 
ring),  is  joined  by  the  slender  pBBSulua  in  the  middle  of  its  lower  edge, 
whilst  it  is  with  its  lower  extreme  angles  that  the  simple  posterior 
extremities  of  the  first  bronchia!  half-riogs  blend,  the  same  parts  of 
the  second  semirings  not  participating  in  the  fusion,  and  being 
aknost  if  not  qnite  free,  as  are  those  below  it  at  both  ends.  All  the 
upper  bronchial  semirings  are  slender,  strongly  convex  upwards,  and 
separated  by  intervals  not  greater  than  their  depth.  The  interval 
between  the  last  tracheal  ring  and  the  first  semiring,  to  which  it  ia 
united  both  in  front  and  behind,  is  fairly  deep  and  crescentic.  The 
antepenultimate  ring  is  very  much  slenderer  than  the  one  below  it, 
from  which  it  is  separated  by  a  lai^ge  interannnlar  interval,  deeper  in 
front  than  behind  on  account  of  the  obliquity  of  its  plane.  Anteriorly 
it  is  very  shallow  and  insignificant ;  and  it  gradually  enlarges  as  it 
goes  backwards.  The  ring  above  it  is  scarcely  difierent,  but  slightly 
lees  oblique,  the  interannnlar  interval  between  it  and  the  fifth  from 
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Uie  end  being  alighilj  lees  than  that  next  lower  down.  Tbis  fiftb 
lin^  fifflt  giTee  indicatioiiA  of  a  latero-posterior  deepening,  witli  a  cor- 
rmponding  reduction  of  the  inteTannalar  internal  and  the  formation 
oi  an  antero-median  hoiizontal  fusiform  space,  the  only  remainA  of  tli« 
istermnnniar  tnterral  reoognizable  higher  np,  and  extending  icto  the 
eerrical  porHon  ol  the  windpipe. 

Cerianm  JmmmmtH  differs  from  all  other  Gallin®  examined  hj  me, 
except  FrancQUnu9  vul^arU^  in  that  the  //iirt2  bronchial  semiring  articn- 
fataf  with  the  second^  and  so  participates  in  the  formation  of  the 
^lectaliied  organ  nnder  consideration.  None  of  the  tracheal  riogBare 
narrowed ;  and  there  are  oonseqnently  no  intennnnlar  intervals  of  any 
kind,  if  we  except  the  one  on  each  side  of  a  narrow  anterior  isthmiu 
which  mns  between  the  pennltimate  and  the  last  ring.  This  interral 
is  gnttate  in  shape,  on  aoconnt  of  the  slight  nptnming  of  the  lateral 
rfcroent  of  the  last  ring,  the  antero-median  part  of  which  is  expanded, 
afanort  eBnel^  aa  in  Mmplocamus^  into  a  qaadrate  cartilage.  The  pes- 
floliia  at  its  posterior  extremity  is  nnattoched,  though  sitnaled  as 
osnal.  Its  freedom  depends  upon  the  fact  that  the  penoltimale  ii 
well  as  the  last  tracheal  ring  is  incomplete  behind,  the  end  of  tbe 
peasnlns  filling  the  deficiency  and  just  touching  the  lower  margin  ol 
the  complete  antepenultimate  ring.  This  may  possibly  be  the  nonaal 
arrangement,  all  others  resnlting  from  sabseqnent  consolidation.  The 
izBfc  and  second  bronchial  semirings  are  rery  mnoh  alike.  The  rela- 
liona  of  the  npper  of  them  to  the  ring  above,  as  well  as  those  ol  the 
lower  to  the  ring  below,  are  almost  identically  those  of  Et^tiaeammt; 
whilst  posteriorly  they  consolidate  together  for  one  half  their  length, 
a  small  elongate  fusiform  interval  existing  externa)  to  their  anterior 
fused  extremities.     With  the  lower  of  them  the  slightly- bowed  thtid 
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semiring  articiiktea  at  one  end,  and  the  other  (as  does  the  second  in  Page  373. 
ISnploeamug)  with  the  firat.     Ceriomis  saiyra  agrees  exactly  with  0. 
^fmncM  in  its  lower  larynx. 

My  acquaintance  with  the  trachea  of  FTancolimis  is  confined  to 

"y.  vuhjarisy  an  early  sketch,  too,  only  of  that.     Its  great  pecnliarity 

\b  that  the  first  three  bronchial  aemi Hugs  articulate  together,  the  third 

being  decidedly  the  strongest,  the  firat  and  second  being  separated  by 

a  greater  interval  than  exists  in  Ceri&mu, 

In  Crosso^itilon  mu7di'huricum  the  thoracic  end  of  the  trachea  is 
euplocamine  in  construction.  It  narrows  conBiderably  near  its  termi* 
nation,  at  which  it  again  expands.  The  only  indications  of  inter- 
annnJar  intervals  are  small  medio- anterior  fusiform  spaces,  absent 
between  the  antepemiltimate  and  penultimate  rings,  and  repla{!«d  by 
a  fusion  in  the  case  of  the  last  two,  on  each  side  of  which  the  lateral 
separation  between  the  rings  expands  intoa  minute  triangular  interval, 
BDoaller  than  in  Enplocamu^,  The  poasulus  agrees  with  that  of  tho 
EuplocarnL  The  interval  between  the  last  tracheal  ring  and  the  first 
lnx»nchial  semiring  is  very  large,  both  upper  and  lower  margin  being 
about  eqaally  convex  upwards,  from  the  shape  of  the  last  tracheal  ring 
and  the  nptilting  of  tho  fit's t  semiring.  The  interval  between  the  first 
and  second  semirings  is  scarcely  smaller,  and  is  ovoid ^  the  latter  semi- 
ring being  decidedly  downtnmed  laterally,  bent  upwards  abruptly  near 
its  ends,  and  particularly  strong  throughout.    On  the  whole,  the  organ 
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is  more  like  that  of  Phanantu  and  JSuploeamui^  its  most  strildiig 
difference  from  the  former  being  the  lateral  nptQting  of  the  first 
bronchial  semiring,  and  the  similar  tendency  in  the  sides  of  the  last 
tracheal  ring. 

In  Lophopharus  impeyanus  the  lower  tracheal  rings,   which  are 
narrower  than  those  above,  are  in  contact  with  one  another  behind ; 

Page  874.  but  anteriorly  they  are  thinner,  leaving  considerable  intervals,  dimi- 
nishing as  they  ascend — continnens  iMiween  the  five  rings  above  the 
penultimate,  found  also  between  it  «nd  the  last,  bat  in  that  esse 
interrupted  by  a  small  median  comiecttng  isthmus,  which  is  broader 
below  than  above,  at  the  same  time  that  xt  is  continuouawith  the  supe- 
riorly broader  medio-anterior  descending  process  of  the  laUt  ring,  the 
two  together  forming  a  losenge-shaped  cartilage  that  receives  the 
extremities  of  the  first  semirings  at  its  lower  maogin.  Posteriorly  the 
pessulus  is  continuous  with  the  penultimate  ring,  whilst  the  ends  of 
the  last  tracheal  also  blend  with  it  slightly.  The  second  bronoUal 
semiring  is  slightly  larger  than  the  first,  and  artioalates  with  it  in  ^ 
usual  way,  as  does  the  first  with  the  last  tracheal  ring.  There  is  a 
great  uniformity  in  the  depths  of  all  the  interannular  intervab  in  tiie 
region  of  the  bifurcation  of  the  trachea. 

In  Numida  crutata^  which  may  be  taken  as  the  type  of  the  very 
characteristic  windpipe  of  the  genus,  fig^ured  accurately  as  it  is  in 
part  by  Temminck,*  the  peculiarity  is  that  the  lowermost  six  or  so 
tracheal  rings  develop  antero-lateral  fenestras  between  them,  increasing 

Page  876.  in  size  from  above  downwards,  and  produced  by  the  thinning  of  the 
rings  alone.  In  the  adult  male  the  four  lowest  rings  blend  in  the 
middle  line,  both  anteriorly  and  posteriorly.  Those  higher  up  do  not 
do  so.  The  last  ring  of  the  trachea,  the  whole  plane  of  which  is  trans- 
verse, sends  downwards  a  bluntly  triangular  medio-anterior  process, 
with  the  lower  margin  of  which  the  first  bronchial  semirings  articulate. 
Posteriorly,  in  the  full-grown  bird,  the  pessulus  fuses  with  the  hinder 
extremities  of  the  same,  in  such  a  way  aa  to  make  it  appear  to  form  a 
continuation  of  it,  as  in  no  other  of  the  GallinsB  with  which  I  am 
acquainted.  The  first  bronchial  semiring  sends  upwards  at  right 
angles  a  strong  anterior  articular  process,  it  posteriorly  expanding 
triangularly,  so  that  the  upper  angle  meets  the  lower  margin  of  the 
last  tracheal  ring  in  the  usual  situation,  the  lower  angle  articulating 
with  the  second  semiring,  whose  other  end  bends  up  to  be  jointed  to 
the  corresponding  part  of  the  first  semiring,  developed  slightly  down- 
wards to  articulate  with  it.  The  interval  between  the  last  tracheal 
ring  and  the  first  bronchial  semiring  is  considerable  and  broadly 
quadrilateral ;  that  below  it  is  much  shallower ;  and  those  above  are 

*  Loc,  cit.y  pi.  i.  fig.  4w 
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fmsiform,  diminisliitig  gradtiallj  as  thej  ascend,  until  the  last  ie  quite 
mimite. 

N.  ptilorhyncha  and  N,  reriduUi  are  very  similar.  They  agree  with 
one  anotherf  and  difPer  from  N.  cristata  m  that  the  extreme  lateral 
edges  of  the  penultimate  and  last  trficheal  ringa  meet  and  blend, 
thereby  reducing  the  interannular  interval  to  a  gattate  form^  with  the  Page  376. 
apex  directed  outwards.  In  N,  lyuUurina  there  are  as  many  as  ten 
pairs  of  lateral  tracheal  fenestrse. 

In  Meleagris  gallopavo  the  intrathoracic  rings  ai*e  all  thinned  away 
in  &ont,  whilst  posteriorly  they  are  not  so,  the  conseqaenee  being  that 
cousiderable  interannular  intervals  separate  them  anteriorly,  entirely 
absent  posteriorly.  The  antepenultimate  and  penultimate  rings  aro 
alone  joined  by  a  median  anterior  isthmus  of  cartilage.  The  former  of 
these  is  split  aorosa  behind  ;  the  latter  is  not  so,  the  fairly  thick  pes- 
fiulus  blending  with  the  mid- posterior  margin^  its  apex  apparently  pro- 
ducing a  protrusion  of  its  upper  border  between  the  sides  of  the  fissure 
IB  the  ring  above.  The  penultimate  ring  m  greater  iu  diameter,  and 
Btronger  than  the  rest.  The  last  tracheal  ri^vg  u  represenfed  only  hy  the 
poaierior  esUremifies  of  the  ru/rmal  rhifjf  its  lateral  and  anterior  parta 
having  quite  disappeared,  in  the  half -grown,  and  per  Imps  even  younger 
bird.  It  will  be  remembered  that  its  lateral  elements  are  much  reduced 
in  Lagopus,  In  Meleagris  the  reduction  has  gone  farther,  the  only 
remainder  being  the  inverted  blunt  triangular  cartilage  that  iutervenea 
between  the  juxta-pessular  margin  of  tlie  penultimate  ring  and  the 
posterior  articulation  of  the  first  bronchial  semiring  on  each  side  of 

2  K  2 
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Qalliis  banhtva  at  first  sight  seems  to  kare  the  lower  end  of  its 
windpipe  coosfcructed  upon  quite  a  different  type  from  that  of  any  of 
its  allies,  although  I  liave  reason  to  believe  that  other  species  fiH  up 
the  gaps  between  it  and  other  Phasianid®.  The  lower  extremity  of 
the  trachea  is  very  much  compressed  from  side  to  side^  whilst  it  is 
correspondingly  angmenfced  Co  depth  from  before  backwards.  The 
an tero- posteriorly  directed  peaanlnt  joins  in  front  the  base  of  a  con- 
siderable median  triangular  cartilage,  which,  with  upward-directed 
small-angled  apex,  reaches  as  bigb  as  the  level  of  the  antepenultimate 
tracheal  ring :  posteriorly  it  joins  a  similar  but  smaller  cartilage,  the 
apex  of  which  does  not  quite  reach  the  pennltimate  ring.  With  the 
lateral  angles  of  these  triangular  cartilages,  the  anterior  and  posterior 
extremities  of  the  first  bronchial  semirings  freely  articulate.  These 
semirings  are  large  and  much  caryed,  with  the  convexity  directed 
do¥m wards.  Anteriorly  they  meet,  but  do  not  articulate  with  the 
scarcely  modi6ed  second  semiringa,  from  which  thej  are  quite  inde- 
pendent behind. 

The  last  tracheal  ring  is  thin  and  band-like,  joining  the  lower  ends 
of  the  sides  of  the  auterior  triangular  cartilage  in  front,  whilst  behind 
its  free  extremities  are  separated  by  a  considerable  interval,  partly 
occupied  by  the  posterior  triangle*  The  penultimate  ring  persists 
as  two  straight  lateral  band*like  rudiments  fixed  in  the  tracheal  mem- 
brane, and  nearly  reaching  both  the  anterior  and  posterior  triangular 
cartilages.     The  antepenultimate  ring  is  still  further  modified  in  the 
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same  direction,  only  the  antero-lateral  parts  persisting  as  rudiments, 
not  seen,  therefore,  in  the  back  view  of  the  organ.  A  short  distanos 
above  the  level  of  the  apex  of  the  anterior  triangular  cartilage,  and 
some  waj  below  the  first  fkirly  normal  tracheal  ring,  is  a  oontinnous 
filamentoQs  transverse  cartilage,  with  little  extra  pieces  connected  to 

Page  878.  it — ^incomplete  in  the  middle  line  behind,  supported  hy  the  mem- 
branous walls  of  the  windpipe.  This  is  evidently  the  alaxiphied  fourth 
ring,  counting  from  below.  Above  this  an  abrupt  change  occurs; 
the  rings  attain  their  ordinary  depth,  with  only  linear  intervals 
between  them.  The  fifth  ring,  again  counting  upwards,  differs  from 
those  above  it  in  being  slightly  incomplete  behind,  with  downtumed 
ends.  The  interval  between  it  and  the  fourth  is  about  equal  to  its 
own  depth.  It  in  front,  and  its  superior  two  or  three  neighbours 
behind  as  well,  is  slightly  Y-shaped  in  the  middle  line*. 

The  Cracideo  are  particularly  uniform  in  the  manner  in  which  the 
trachea  bifarcates.  In  Mtiua  ttiberosa  there  are  no  tracheal  inter- 
annnlar  intervals  of  any  kind.  The  pessulns  is  united  with  the  pen- 
ultimate ring  posteriorly  and  with  the  last  ring  in  front,  the  latter 
ring  being  therefore  incomplete  behind,  as  in  all  the  birds  above 
described.  Mid-anterior  and  posterior  ossifications  extend  upwards 
from  the  attachment  of  the  pessulus,  generally  sufficiently  high  to 
involve  the  four  lowermost  rings,  which  are  therefore  consolidated 
together  in  the  median  lines.  The  lower  lateral  borders  of  the  last 
tracheal  ring  are  slightly  concave  downwards;  the  medio-anterior 
descending  process  being  small,  whilst  by  its  slightly  truncated 
triangular  apex  it  forms  a  small  portion  of  the  actual  margin  of  the 

Page  379.  bifurcation.  On  acconnt  of  the  considerable  length  of  the  slender 
first  bronchial  semiring,  which  is  very  concave  upwards,  the  interval  • 
between  it  and  the  last  tracheal  ring  is  conspicuously  large  and  fusi- 
form, one  side  of  the  small  antero-median  process  and  the  outer  border 
of  the  inferior  angle  of  the  corresponding  truncated  posterior  termina- 
tion of  the  last  tracheal  ring  being  its  articulating  spots.  The  semi- 
ring is  not  of  uniform  thickness,  small  expansions,  not  unlike  the 
**  tubercles  "  of  ribs,  occurring  at  a  short  distance  from  both  ends, 
which  mark  the  points  at  which  the  next  semiring  meets  it  and 
ceases.  The  second  semiring  is  simple,  except  that  it  is  slightly 
enlarged  at  its  posterior  extremity.  The  interval  between  it  and  its 
neighbours  is  extremely  narrow. 

The  species  I  have  examined  are  Crax^  globicera,  C,  carHHculcUd, 
Pauxis  galeata,  Mittca  tomefiitosa^  Pefielope  jacu^Mca,  P.  crUtata^  P. 
superciliarisj  Pi'pile  cumaneiisisy  and  Ahnrria  caruncxdata.     In  Penelope^ 


♦  By  Tcuiniinck   (loc.  cit.,  pi.  ii.  fig.  4)  a  different   figure  of  the  windpipe  of 
G.  hankiva  is  givtMi. 
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Pipik,  and  Ahitrria   the  first  bronchial   aomirings   are    thicker   and 
stronger  than  in  Croat  and  its  near  allies,  their  posterior  articnlatioiiB 


Fig.  U. 


Fig.  35. 


Front  Tiew. 


Book  riew. 


Ahurria  earunmtlafa. 


with  the  ends  of  the  laat  tracheal  ring  being  upon  what  becomes  the 
outer ^  bnt  normally  would  be  the  inferior  surfaces  of  its  juxtapeasnlar 
terminations,  because  of  a  cbamcteristic  downward  Hex  ore  of  their 
expanded  obtnEe  extremities. 

,The  lateral  intritiBic  tracheal  muscles  are  thin,  and  ran  down  to 
cease  opposite  the  ring  fifth  from  the  bifurcation  of  the  tube,  as  in 
nearly  all  Gallinaceous  birds.  I  cannot  trace  any  fibrous  continuation 
to  the  lower  rings  from  their  muscular  extremitiea. 

Incidentally  it  may  be  mentioned,  with  reference  to  the  develop- 
ment of  the  extrathoracic  tracheal  loop  in  the  Cracidee,  that,  as  far 

my  facts  go»  thia  loop  is  found  m  the  males  only  of  the  genera  Page  880, 
PauxiSf  and  Mitua ;  whilst  in  Penelope  purpurascens^  P.  cris- 
iata^  Ptpile,  and  Ahurria  it  is  wanting  in  both  sexes,  it  being  present 
in  both  sexes  of  Periehpe  jacucaca.  In  the  males  of  Penelope 
ptUaia  and  Orialis  alhiventris ♦  it  is  present ;  th©  females  I  have  not 
Been. 

The  flattening  of  the  trachea  of  the  male  Cra>cinaB,  excellently  de. 
pic  ted  (inverted)  in  Temminck's  figure  of  the  windpipe  of  Crax  aledor^f 
IB  lateral  or  from  side  to  side,  so  that  the  welUknown  anterior  and 


•  Vide  Temminck,  l^.  ftY.»  pL  riii  I 
t  Loc*  aY.,  ph  T>  l^g.  1. 
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posterior  notching  of  the  rings  of  the  trachea  is  on  the  thin  edges  of 
the  flattened  tnbe. 

In  conclusion,  it  may  be  asked  what  light  this  detail  concerning 
the  bifurcation  of  the  trachea  throws  on  the  mutual  affinities  of  the 
genera  of  the  Ghillinsa.  It  is  very  infrequently  that  the  study  of  a 
single  organ  justiies  the  formation  of  an  ultimate  classification  of  any 
group ;  and  the  windpipe  of  the  GaUins  is  not  peculiar  in  this  respect. 
Several  hints  are  to  be  derived  from  this  investigation,  however,  not 
unimportant  in  my  estimation. 

Pavo  seems  to  stand  alone  on  account  of  the  simpliciiy  of  its 
bronchial  bifurcation. 

There  seems  also  to  be  a  tendency  for  the  majoriiy  of  the  Ghdlins 
to  fall  into  two  divisions,  a  Cotumicine  and  a  Phasianine;  in  ihe 
former  of  which  it  is  the  bronchial  semirings  which  are  most  specalised, 
at  the  same  time  that  the  anterior  extremities  are  pointed  and  pro- 
duced inwards.  In  the  latter  group  it  i»  the  last  tracheal  ring  that  is 
most  modified,  its  sides  being  always  upturned.  Upon  this  assump- 
tion it  is  not  easy  to  place  the  genera  OaUus,  LophophoruSf  Mdeagrii^ 
and  Numida,     The  others  fall  into  the  following  order : — 

COTURNICINJB,  PhASIAKIN^. 

Caccabis.  Euplocatmu. 

Argus,  Pucrana. 

Polyplectron.  Ceriamis. 

Ithaginis.  Phasianus, 

Lojphortyx,  Thuumalea. 

Oreortyx,  CrossopHlon, 

Arharicola.  Lagopus. 

Eollulus.  Tetrao. 

Ptilopachys,  {Meleagris  ?), 

Coturnix.  Perdix. 

It  is  surprising  to  see  how  much  the  lower  end  of  the  trachea  of 
the  adalt  Gallus  differs  from  that  of  Phasianus  and  its  allies.  A  study 
of  the  developraent  of  the  windpipe  of  the  Common  Fowl — which  I 
Lave  not  had  the  opportunity  of  undertaking — would  probably  throw 
coasiderable  light  upon  the  subject. 
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82.  NOTES   ON  THE  ANATOMY  OF  GELADA  RUEP- 

.PELLL* 

(Plate  XXXI.) 

Hating  Lad  the  opportunity  of  dissectmg  the  adtdts  of  both  the  sexes  Page  461. 
of  Oelada  rueppdli,  the  female  of  which  lived  a  short  time  in  the 
Society's  Gardens,  where  it  died,  I  desire  to  record  some  points  in  the 
anatomy  of  the  species  which  appear  to  be  of  interest. 

The  following  are  measurements  from  the  skins,  except  when 
otherwise  indicated : — 


From  margin  of  upper  lip,  oyer  head  and  along  back,  to 

base  of  tail r. 

Same  measurements  from  body  with  skin  removed 

TaQ,  without  hairy  tuft   

Tuftof  taU 

From  wrist  to  end  of  nail  of  middle  di^t  of  hand 

From  heel  to  end  of  nail  of  middle  digit  of  foot 

From  angle  of  axilla  to  end  of  nail  of  middle  digit  of  hand 
From  mid-perineum  to  end  of  nail  of  middle  digit  of  foot . . 

Nail  of  middle  digit  of  hand  along  convexity   

Nail  of  middle  digit  of  foot  along  conyexity 


J  adult. 


inches. 


9  adult 


inches. 


28-76 

29-2 

24,-6 

26 

24-76 

26 

8 

8-6 

6 

4-6 

7 

6-26 

16-26 

16-1 

9 

11 

11 

1-16 

1-01 

101 

With  reference  to  the  male,  its  general  cd'onr  is  a  dark  sooty  Page  462. 
chooolate-brown.  The  shoulder,,  forearm,  back  of  hand,  and  instep, 
as  well  as  most  of  the  tail,  with  the  exception  of  its  end,  are  black. 
The  palest  brown  is  found  on  the  abdomen,  though  this  is  very 
dark.  A  few  white  hair&  mixed  with  the  brown-black  of  the  tail- 
tuft^  give  that  a  lightish  tint..  The  longest  hair  is  that  between  the 
shoulders,  where  it  reaches  as  much  as  eleven  inches.  This  lengthy 
hair  extends  upwards  over  the  occiput  quite  forward  to  the  super- 
ciliary ridge,  and  downwards  to  the  loins,  below  which  it  rapidly  re- 
duces before  the  base  of  the  tail  is  reached.  Laterally  the  long  hair 
extends  over  the  shoulders,  and  less  considerably  under  the  arms, 
towards  the  lateral  margins  and  to  the  surface  below  the  nude  chest- 
space.  The  hair  on  the  abdomen  is  about  2*75  inches  long,  that  out- 
side the  thighs  4>  inches,  that  on  the  tail  an  inch,  except  the  end  tuft, 
where  it  reaches  3'5  inches. 

The  characteristic  nude  chest-space  is  double  in  the  male,  being 


•  "  Proceedings  of  the  Zoological  Society/*  1879,  pp.  461-7. 
Bead,  May  20,  1870. 
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formed  of  two  median  tiiangnlar  isosceles  areas  reversely  directed, 
with  their  apices  approximate,  bnt  separated  by  an  interval  1*5  inch 
in  length,  of  hair-covered  skin.  The  base  of  the  very  obtnae*angled 
npper  triangle,  which  is  marg^ed  by  black  hair,  is  five  and  a  half 
inches  from  the  middle  of  the  lower  lip,  and  is  sitnated  opposite  the 
larynx,  its  length  being  8^75  inches,  and  its  depth  not  being  more  than 
an  inch.  The  lower  triangle  is  also  very  obtuse-angled,  with  its  base, 
slightly  concave  downwards,  six  inches  long. 

Alihongh  the  two  nude  triangles  above  described  do  not  meeip  they 
tend  to  form  an  hoar-glass  surface  of  florid  skin,  7'/ 5  inches  along 
each  lateral  cnrve  from  horn  to  hom<  The  hair  bordering  it  is  an  inch 
long  or  so  and  iron-grey  in  tint,  from  the  almost  equal  admixture  of 
black  and  white  hairs.  There  is  no  carunculation  of  the  skin  in  the 
nnde  spaces  or  at  their  borders.  The  pair  of  nipplce  are  closelj 
approximate,  not  being  more  than  a  quarter  of  an  inch  apart  in  the 
dried  skin.  They  are  sitnated  in  the  nude  area  of  the  lower  triangle^ 
an  inch  above  its  base. 

In  the  fcmalo  the  general  tint  m  much  the  same  as  that  of  the 
male ;  the  hair  ifi  very  much  shorter  and  less  faded  at  the  tips.  The 
interscapular  hair  is  the  longest,  reaching  nearly  fotu*  indies,  whUsi 
that  of  the  loins  is  not  so  black  as  in  the  male. 

The  pectoral  nude  space  is  in  the  female  camnoulated  all  along  its 
lateral  and  inferior  borders.  The  two  triangles  which  go  to  form  ii 
join  apically  by  an  isthmus  IS  inch  broad.  The  nmrgioal  hair  iiaol 
mixed  with  white.  The  caruncles  are  numerous,  and  about  a  quarter 
of  an  inch  in  breadth,  bemg  ovate  and  flattened.  The  nipples  are 
sitnated  n&  in  the  male,  and  are  an  inch  apart. 

In  both  sexes  the  face  is  nnde  below  the  line  of  the  feoQla) 
eminences,  and  laterally  from  points  a  little  less  than  half  an  iadt 
outside  the  outer  canthas  of  each  eye,  the  nnde  spaces  running  stimi^ 
dowD  wards  in  the  direct  ion  of  the  angles  of  the  month,  just  beCotv 
reaching  which  they  turn  and  include  the  chin. 

The  ischial  callosities^  which  are  subcircular,  and  a  little  less  than 
two  inches  in  diameter,  are  situated  in  a  naked  area  which  it  canm- 
Pftge  4&3.  cnlated  in  the  female.  This  area  extends  forwards  for  threo  aad  A 
quarter  inches,  broad  opposite  the  mona  venerifl,  which  ia  thai^eiBiV 
nude,  the  anterior  border  being  non^carnnculated,  and  gimdnaOy  loMi 
in  the  sparse  hair  of  the  abdomen. 

Osteological  comparisons  between  Oelada  and  its  allies  are  vvrj 
attractive,  but  do  not  lead  to  very  definite  results.  Thost  inotl  lift* 
portant  in  my  estimation  will  be  here  recorded. 

The  following  are  measurements  of  the  larger  bon^a  in  t^ 
male : — 
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iuchet, 

Lengtii  of  hnmenis 7*1 

„  radius 7'4 

„  ulna 835 

„  femiir 7*45 

„  tibia 76 

„  fibula    70 

,»  scapula 5"25  (extreme) 

From  auterior  margin  of  preemasilla  to 

occiput    6'5  (5'8  in  ?  ) 

Extreme  breadth  at  posterior  parts  of 

Ejgomata 4'1  (4*0  in  5  ) 

Extreme  breadth  of  orbit 0*9  (same  in  ?  ) 

Interorbital  inter^^al  . , 0"425  (0-35  in  ?  ) 

There  are  13  pairs  of  ribs,  of  which  5  are  false.  The  Kicrum  con- 
sifsts  of  three  vertebne.  The  clavicles  fonn  a  single  curves  and  the 
anterior  margin  of  the  manubrium  stern i  ia  not  much  thickened. 

My  opportunities  for  examining  the  skalls  of  ekIuU  specimens  of 
Monkeys  being  but  few,  it  is  impossible  to  generalize  to  any  extent 
with  safety.  Cercopithecns  differs  from  Macaeus  Ktkd  OynoteplmluB  m 
not  possessing  a  fifth  lobe  to  its  mandibular  third  molar.  In  Oelada 
this  extra  lobe  is  large,  as  is  the  anterior  talon  on  the  maxillary 
TOolare,  which  are  small  in  Cynoce^halus^  and  much  smaller  still  in  the 
Macaques  I  have  examined.  In  Gelada  the  upper  incisors  are  at  right 
angles  to  the  alveolar  margins  of  the  premaxillary,  which  is  the  ca^se 
in  Mcu:acti8 ;  in  CtfTwcephalns  and  6ereopUheeus  they  converge  as  they 
descend. 

The  profile  view  of  the  Gelada's  skull  exhibits  the  great  anterior 
development  of  the  sharp  median  portion  of  the  supraorbital  ridge 
and  the  deep  concavity  of  the  nasaJ  contour.  In  Gelada,  CercopUhecus, 
and  Cynocephaltis  the  nasal  bones  ai'e  separate,  elongate,  and  narrow^ 
appearing  enperficially  ujwn  the  skull  as  high  as  the  supraorbital 
frontal  ridge.  In  Macacufi  they  fuse,  and  form  a  aborts  broad  triangle 
whose  apex  does  not  reach  the  frontal  bone^  the  maxillaries  meeting 
above  it. 

In  Geladu  there  is  no  trace  of  any  groove  or  foramen  for  the  supra- 
orbital vessels  and  nerve.  This  is  also  the  case  io  Cercorpithecits,  In 
Macacu9  and  Ctjnocephilits^  however,  the  groove  is  very  deep,  almost 
forming  a  foramen.  The  malar  foramen  is  also  wnnting  in  Gvlada. 
Its  presence  in  allied  genera  is  uncertain.  There  is  a  foramen  in  the 
fron to- malar  anturo. 

In  MacacuR  and  CffnocepJwXm  the  anterior  palatine  fommina  opens  Pmgc  451. 
into  an  osseous  depression,  which  is  continued  for  some  distance  for- 
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wards,  almost  to  the  alveolar  margin*     In  Gelada  they  open  UarefMj 
upon  the  surface  of  the  palate. 

In  Macacus  and  in  Cer€4>pi{heeui  a  powerful  transverse  ridge  of 
bone  ifl  seeii  to  form  the  posterior  boundary  of  the  osseooB  palole. 
ThiB  is  not  seen  in  €felada  or  in  Cynocephalus, 

In  Cynocephalus  the  mastoid  process  of  the  temporal  bone  is  fairij  ■ 
developed.     In  Qelada^  Cereopithecfis,  and  Macaou^  it  is  obsolete.  I 

In  Cynoeephedfis  and  Macacus  the  hamnlar  prooees  of  the  internal  I 
pterygoid  plate  of  the  sphenoid  bone  is  much  more  superficial,  and  is 
placed  more  forward  than  in  Gelada. 

The  left  lung  is  two-lobed,  the  lower  being  slightly  the  lai^ge^ 
The  npper  is  nearly  divided  transversely  into  two  moieties,  of  which 
the  lower  is  a  little  the  smaller,  ■ 

The  right  lung  has  four  lobes,  the  (bifid)  axygoa  being  the  ■ 
smallest;  the  middle  next  In  size,  elongate  and  triangular.  The  H 
obliquely  cui  upper  lobe  is  smaller  than  the  snbqoadrate  largest  lower  ■ 
lobe.  ■ 

There  are  three  ciroumvatlate  papillaa  at  the  base  of  the  tougoff, 
arranged  in  the  characteristic  V, 

The  following  are  intestinal  measurements  ; — 

mches.  inchet* 

Small  intestine 90  129 

Large  intestine 58  51 

CsDcum    .  -  * 3  3 

The  stomach  much  resembles  that  of  man  in  shape,  being  a  Utile 
more  elongate.  There  is  no  appendix  vermiformis  to  the  saocolaletl 
cwoum,  which  does  not  differ  from  that  of  the  lower  Old-Wcurid 
Monkeys.     The  colon  is  sacculated  throaghoat. 

The  spleen  is  three  inches  long,  one  and  a  half  inch  bro*d,  bfte^^ 
suboblong  and  slightly  bi£d  at  one  extremity.  ^^^| 

The  kidneys  are  ovate,  not  reniform^  and  with  but  a  single  pjnaSl^^ 
in  ea^h.  V 

There  is  an  os  penis  three  quarters  of  an  inch  long.  The  TigtUA  if 
very  hirsnte^  with  large  broad  transverse  rug©.  The  ntems  is  pyrifamt 

To  understand  the  bearing  of  the  details  of  the  anatomy  of  Ifcs 
liver  of  tho  Qelada^  it  will  be  necessary  to  view  the  pecnH&riti«i  of  m 
the  organ  in  allied  genera.     This  the  inspection  of  a  large  number  of   " 
species  enables  rae  to  do. 

In  the  genua  Macacus  the  liver  is  comparatively  unoomplicaied. 
The  right  and  left  lateral  fissures  are  well  marked,  the  ombilieal 
fissure    being   less    considerable    and    less  const-ant  in  depth.      Tlit 


ON  OELADA  RUEPPELLI. 


509 


I 


abdominal  Biirfaces  of  the  right  and  left  central  lobes  are  frequently 
connected  by  a  bridge  of  hepatic  tissue.  The  inferior  margin  of  the  P*g«  4(56, 
right  central  lobe  ia  straight,  and  at  right  angles  to  the  axis  of  the 
gall-bladder,  which  latter  organ  is  deeply  imbedded  in  a  cystic  fossa, 
never  deep  enongh  to  appear  on  the  diaphragmatic  Hurface*  The 
fnnduB  of  the  gall-bladder  never  Teaches  the  inferior  margin  of  the 
organ,  thongb  it  approaches  very  near  to  it.  There  ia  no  trace  of  a 
cystic  fissure.  The  interval  between  the  inner  border  of  the  cystic 
foBsa  and  the  umbilical  fissure  is  always  broad,  a  quadrate  lobule 
intervening.  The  left  central  is  generally  the  smallest  of  the  four 
main  lobes,  it  beiiig  vertically  elongate.  The  left  lateral  lobe  is 
shaped  much  like  the  sector  of  a  quarter  of  a  circle,  with  the  apex 
directed  to  the  portal  fissure.  This  apei  is  often  simple }  but  when 
not  BO  a  slight  fissure  runs  for  a  short  distance  from  the  superior 
border  of  the  lobe,  not  far  from  the  apex,  paraU^l  to  the  left  lateral 
fissure.  The  right  lateral  lobe  is  subquadrat©  in  form ;  its  surface 
presents  no  irregularities,  as  a  rule ;  but  when  present  they  take  the 
form  of  deep  semilnnar  incisions  on  ita  abdominal  surface.  The 
abdominal  margins  of  the  umbilical  fissure  frequently  present  small 
lobelets  of  a  bluntly  conical  form,  with  their  apices  directed  down- 
wards. These  are  most  frequeatly  situated  on  the  left  central  lobe, 
but  sometimes  on  the  right,  sometimes  on  both.  The  caudate  lobe 
is  elongated ly  aubfusiform,  without  any  real  depression;  its  apex 
reaches  as  far  as  the  extreme  right  margin  of  the  right  lateral  lobe. 
The  Spigelian  lobe  is  well  nkarked,  being  small  and  thin ;  its  shape 
is  that  of  the  tip  of  the  compressed  finger  of  a  glove ;  it  ia  directed 
backwards. 

The  genus  Cercopithectis  differs  from  Macactis  in  the  following 
respects : — The  inferior  margin  of  the  right  central  lobe  is  rarely 
anything  approaching  a  straight  line  at  right  angles  to  the  axis  of  the 
gall-bladder;  a  slight  notch  often  also  indicates  the  rudiment  of  a 
cystic  fissure.  The  imbedded  fundus  of  the  gall-bladder  is  likewise 
generally  visible  on  the  diaphragmatic  surface  of  the  right  central 
lobe.  The  iuterv-ul  between  the  left  margin  of  the  cystic  fossa  and 
the  umbilical  fissure  is  narrow,  and  often  not  more  than  a  sharp 
vertical  ridge  of  hepatic  tissue.  The  apex  of  the  left  lateral  lobe 
(directed,  as  in  Macacm^  towards  the  port&l  fissure),  when  com- 
plicated, is  rendered  so  by  a  short  fissure  running  from  the  superior 
border  of  the  lobe,  not  parallel  to  the  left  lateral  fissure,  but  down- 
wards and  inwards,  so  as  to  produce  a  sabtriangnlar  lobelet^  in  which 
the  free  margin  is  directed  horizontally  upwards.  When  compli- 
cated the  right  lateral  lobe  develops  lobules  on  ita  abdominal  sur- 
face, not  semilunar  inciBions.  The  caudate  lobe  runs  to  tite  eactrome 
margin  of  the  right  lateral  lobe,  as  in  Macacus.     The  Spigelian  lobe 
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is  frequetiily  absent,  and  when  present  is  irregular  and  much  smaller 
than  in  Macacus* 

Id  the  gentis  Oynocepkahts  the  peculiaritios  of  Cercopithecm  are 
obeerved,  except  that  the  candate  lobe  is  verj  short,  only  extending 
half  across  the  right  lateral  lobe  horizontally.  The  Spigelian  lobe  is 
also  well  developed^  quite  as  much  or  even  more  so  than  in  Maeacui^  it 
being  thicker  than  in  that  genns. 
F&g©  456.  In  Oelada  the  right  and  left  central  lobes  are  propordoannj 
krger  than  in  the  genera  above  described.  Otherwise  it  moii 
resembles  C&rc&pUh^ttB^  differing  from  it  in  that  the  cystic  fiMme 
is  shallow  f  at  the  same  time  that  the  fun  das  of  the  gall-bladder  does 
not  so  nearly  approach  the  inferior  border  of  the  right  central  lobe. 
It  resembles  Oercopitheais  in  that  the  Spigelian  lobe  is  absent^  at  the 
same  time  that  the  caudate  lobe  is  long,  in  both  which  respects  it 
contracts  strongly  with  Cynocephalus*  The  only  lobelet  is  one  on 
the  right  border  of  the  nmbilical  fissure,  which  is  ^iacaqne-like.  It 
differs  from  Macacus  in  the  obliquity  of  the  inferior  border  of  the 
right  central  lobe,  and  in  the  nearness  of  the  gall-bladder  to  the 
umbUical  Assure,  as  well  as  in  the  abfeience  of  a  Spigelian  lobe  and  the 
large  size  of  the  central  lobes. 

The  brain  of  Qelada  rueppelli  is  particularly  instmotiTe  when 
compared  with  the  beautifnl  series  of  %ureB  in  Gratiolet^s  -  *  Memoire 
snr  lea  Plis  Cer^braux  de  T Homme  et  des  Primates."  Its  di&rent 
aspects  are  represented,  nataral  size,  on  Plate  [31]  XXXYIIT.  Its  mosi 
marked  feature  is  the  relatively  small  size  of  the  occipital  lobe,  which 
is  about  as  large  as  in  the  Semnopithed,  smaller  than  in  the  Cynoe^ 
phulij  and  much  smaller  than  in  Maccu^ug  as  well  aa  CercoptihccuM,  In 
the  two  last- named  genera  this  lobe  is  unco n vol uted,  or  very  slightlj 
BO.  In  Oelada  there  is  a  simple  horizontal  sulcus  (^  k)  a  short 
distance  above  its  lower  border,  running  from  the  posterior  surfaos 
some  way  forward,  but  not  so  far  as  to  meet  the  posterior  traiisveris 
salens  {Cy  c),  Iq  Cynocephahu  the  occipital  lobe  is  more  elaboratelj 
convoluted. 

An  inferior  horizontal  occipital  sulcus,  parallel  to  tbat  just  de- 
seribed,  runs  so  far  forward  as  to  join  the  major  oblique  temporo- 
parietal snlcus  (&,  h).  This  is  a  condition  recorded  by  Gratiolot  in 
Senm^pith^ciis  maurm  only,  the  sulcus  generally  turning  upwards  to 
end  independently. 

The  major  oblique  temporo- parietal  snlons  (&,  h)  commeneas 
below,  near  the  inferior  rounded  margin  of  the  temporal  lobe^  and 
runs  upwards  aa  well  as  backwards  to  near  the  middle  line  of  the 
brain.  It  is  joined  by  the  prolongation  upwards  of  the  Sylvian  fissurs 
(a,  a),  two- thirds  from  its  lower  end,  it  being  bent  slightly  fonmrd  at 
the  point  of  junction, 
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Surrounding  the  upper  end  of  this  last  sulcus,  but  not  meeting  it, 
is  one  whose  posterior  limb  (c,  c)  forms  the  anterior  boundary  of  the 
occipital  lobe,  the  posterior  transverse  fissure,  whilst  its  anterior  limb 
(</,  g)  runs  forwards,  downwards,  and  outwards,  to  end  independentlj 
as  in  allied  Primates.  Where  these  two  limbs  meet  a  small  sulcus 
runs  inwards  to  the  middle  line,  becoming  conspicuous  on  the  median 
aspect  of  the  hemisphere. 

The  prolongation  upwards  and  backwards  of  the  Sylvian  fissure 
on  the  outer  surface  of  the  brain  meets  the  major  oblique  temporo- 
parietal sulcus  as  abore  mentioned.  Whether  or  not  it  should  meet 
it  is  uncertain  in  allied  species  of  the  same  genus  according  to 
Gratiolet.  It  is  peculiar,  however,  in  that  from  a  little  above  and 
below  its  middle  it  sends  forward  small  branches  (e,  e  and  n,  n).  In 
the  Oyfwcfiphali  alone  is  anything  of  this  kind  seen,  and  in  them  the  Page  467. 
lower  of  these  two  sulci  only  (n,  n). 

The  anterior  transverse  (parietal)  fissure  ((/,  d)  commences  ex- 
ternally between  the  two  small  sulci  just  described  (e,  e  and  n,  n). 
After  running  forward  and  upward  it  bends,  turning  slightly  back- 
wards to  the  middle  line,  where  it  is  continued  downwards  upon  the 
media/n  surface  of  the  hemisphere  for  a  short  distance^  as  in  no  species 
described  by  Gratiolet. 

The  three-way  convolution  of  the  frontal  lobe  (fff)  resembles 
that  in  the  Cynocephali — the  Semnopitheci,  Macad^  and  Gercopitheci 
almost  or  entirely  lacking  its  posterior  limb,  which  is  well  represented 
in  the  Gbladas  and  Baboons. 

Small  independent  sulci  are  more  numerous  than  in  Macacus  and 
Cercopithecus — about  as  many  as  in  the  Cynocephali,  with  which  the 
(Jelada  most  agrees  in  size. 

Correlation  of  the  &ct8  above  recorded  makes  me  place  Oelada 
along  with  Cercopithecus  and  Cynocephalus  away  from  Moamcus,  Its 
affinities  with  Cercopithecus  seem  to  me  more  intimate  than  with 
Cynocephalusy  to  which  gervus  it  most  certainly  does  not  belong. 


EXPLANATION  OF  PLATE  81.    (XXXVIII.) 

Brain  of  Oektda  rueppelli,  natural  size. 

Fig.  1.  Bight  hemisphere,  outer  aspect. 
2.  „  ,f  inner  aspect. 

8.         „  f,  superior  aspect. 

4.  „  „  inferior  aspect. 
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83.  ON   THE   BRAIN   AND  OTHER  PARTS  OF  THE 
HIPPOPOTAMUS  (3.  AMPHiBruS)^ 

(PUteB  XXXn  and  XXXIU.) 


Page  11.  Tee  male  Hippopotamus  from  the  Upper  Nile,  presented  to  the  Societj 
by  the  late  Viceroy  of  Egypt  on  the  25th  of  May,  1850,  died  on  tbe 
11th  of  Martjh,  1878,  without  any  aerioofl  diflease  of  any  organ,  bat 
after  having  aulfored  for  some  years  from  ulcers  on  the  legs,  which 
were  much  more  inflamed  during  the  winter-  than  the  anmmer- 
seasonjs ;  because  then  the  comparative  coldness  of  its  tank  did  not 
allow  of  its  remaining  in  the  water  for  any  length  of  time^  and  tli» 
cutaneous  surface  became  dry  as  well  as  cracked. 

The  animal  was   about  thirty  years  old,    and    apparently 
From  the  front  of  the  nose  to  the  base  of  the  tail  it  meaaored  12  feet 
along  the  back,  the  tail  beiug  22  inches  long. 

In  bis  monograph  on  the  anatomy  of  Hippopotamus  ampKihtuty^ 
Professor  Gratiolet  has  fully  described  and  figured  the  brain  of  th# 
new- bom  animal.  NeYortheless  there  is  a  want  of  definiteoees  aboQi 
the  delineation  of  the  convolutions,  and  a  difference  in  the  pfOpoi^ 
tionate  size  of  the  cerebellum,  which  makes  me  feel  justified  in  asking 
tbe  Society  to  grant  me  opportunities  for  giving  illustrations  of  the 
brain  of  the  adult  animal.  The  necessity  for  a  second  figure  is  in- 
creased by  the  peculiarities  in  an  outline  sketch  of  the  brain  of  Hippo* 
potumus  Uherieti^is  given  by  Prof.  Macalister  in  his  acconnt  of  tftud 
species.  J 

In  a  valuable  monograph  on  the  brain  of  the  nngnlata^l  recently 
published,  Dr.  Julius  Krueg  has  introdnoed  viewa  and  adopted  a 
oomencUture  which  every  student  of  the  nervous  system  oaoAot  lielp 
finding  of  particular  service  in  any  special  investigation  like  the  pre- 
sent. By  an  extensive  comparison  of  the  convolutions  of  individuli 
at  different  ages,  and  of  difierent  species,  Dr.  Kmeg  has  furived  ai  Ik 
standard  of  which  are  fundamental  and  which  secondary  snlci,  tluA 
has  enabled  him  to  represent  what  is  the  typical  arrangement  of  Ihe 
surface  of  the  hemispheres  in  the  Ungulata  generally. 


< 


•  **  Tmnsactiorii  of  tha  Zookgicftl  Society."  XI  pp.  11-17*  Pli.  IXL  m 
Rettd,  Jiine  17,  1870. 

t  "  Uecherches  sur  ranatomiti  de  I'Hippopotftme,"  Pari»i  18^. 

X  **  Proceodiu^ft  of  the  Kojal  Iri^h  Actkiletny"  vol.  i.  tenet  8,  SeMiOQ  1879-TI^ 
plate  xxTiii. 

§  '*  ZeilAchrift  fUr  vriMen»clwftlii:he  Zoologio,"  Leipiig,  187S,  ixxt  pp.  2ffi-ML 
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The  results  arrived  at  bj  MM.  Learot  and  Gratiolet*  tend  strongly  Page  12. 
in  the  same  direction  as  those  subsequently  arrived  at  by  Dr.  Krneg ; 
nevertheless  there  is  a  completeness  about  the  investigation  of  the  last- 
named  antbor  which  greatly  increases  the  importance  of  his  work. 

As  it  is  my  intention  on  the  present  occasion  to  employ  the  nomen- 
clature adopted  by  Dr.  Krneg,  I  cannot  do  better  than  introduce  it 
by  applying  it  to  the  description  of  the  typical  Artiodactylate  brain 
as  represented  by  that  author. 

Perhaps  no  nearer  approach  to  this  type  can  bo  given  than  that  of 
the  foetal  sheep  (Ovis  artes),  27*5  centimeters  in  length,  figured  by 
Dp.  Kraeg  (figs.  1 — 3).  Putting  what  is  to  bo  seen  in  words,  the 
small  upward-directed  processus  acuminis  {sac)- of  the  Sylvian  fissure  is 
just  seen  on  the  outer  border  of  the  superior  surface  of  the  cerebral 
hemisphere,  along  which  latter  surface  the  supra-sylvian  fissure  {ss) 


Fig.  1. 


Fig.  2. 


Fig.  3. 


8heep*8  brain:  fig.  1.  Outer  aspect;  fig.  2.  Superior  aspect ;  fig.  3.  Inner  aspect. 
(After  Dp.  Krueg.) 

courses  longitudinally  nearly  from  end  to  end,  slightly  concave  out- 
wards opposite  the  Sylvian  fissure.  According  to  Dr.  Krueg,  this 
fissure  {sh)  has  three  limbs;  but  four  seems  to  mo  to  be  the  more 
correct  number.  Of  these  one  is  anterior  (jbso)^  the  second  superior 
(<»),  and  the  third  posterior  (sspi).  The  fourth,  according  to  me, 
runs  downwards  {ssd)  from  the  spot  of  origin  of  the  posterior  limb. 
Typically,  all  these  processes  terminate  freely. 

Next  in  importance,  on  the  superior  surface,  is  the  coronal  fissure 
(co),  longitudinal  in  direction,  at  no  great  distance  from  the  middle 
lino  of  the  bram,  and  situated  so  far  forward  that  its  posterior 
extremity  is  in  front  of  the  superior  limb  of  the  supra-sylvian  fissure 
(jss).  It  runs  forward  almost  to  the  anterior  margin  of  the  hemi- 
sphere. 

A  minor  longitudinal  (lateral)  fissure  (I)  tends  to  divide  the  sur- 
isce  between  the  posterior  branch  of  the  supra-sylvian  fissure  and  the 


•  ''Anatomic  Comparoe  du  Sy9t^mc  Ncrveux,"  Paris,  1830-1857. 
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middle  line  of  the  bemispbcre  into  two  equal  parts.  The  prsesylvian, 
diagonal,  and  posterior  fissures,  though  they  appear  on  the  superior 
surface,  are  go  mach  better  seea  in  the  lateral  view  of  the  brain  that 
thej  will  be  there  described. 

The  inner  aspect  of  the  hemisphere  presents,  besides  the  hippo- 
campal  fissure  (A),  a  long  fissura  splenialU  («p),  or  caUoso^marginaHi^ 
some  diafcance  from  the  superior  margin,  curred  concavely  towards 
pAge  13.  the  corpus  ralloaum,  opposite  the  hinder  end  of  which  its  posterior 
extremity  ceiuscs,  whilst  anteriorly  it  continues  nearly  as  far  forward 
as  the  perpendicular  level  of  the  genu  of  the  corpus  callosum^  which 
is  partly  embraced  anteriorly*  as  it  were,  by  a  small  Jie^urtt  ^tnu- 
alis  (g). 

The  outer  aspect  of  the  hemisphere  has  a  basal  fissnre  rtmniag 
nearly  its  whole  length — the  fissura  rhtnaUi  (rh),  some  little  distance 
above  which  the  anterior  and  posterior  limbs  of  the  Sylvian  fissure 
(j^a  find  sp)  diverge,  the  hinder  extremity  of  the  latter  sending  down- 
wards an  extension  to  meet  it.  The  anterior  end  of  the  anterior  limb 
of  the  Sylvian  fissure  also  joins  the  posterior  extremity  of  the  small 
pnesylvian  (ps)  fissure,  concave  upwards,  situated  low  down  in  ih© 
outer  frontal  region,  with  another  small  and  rery  similar  diaijonal 
fia^ure  (d)  half  way  between  it  and  the  coronal  fissure  (^o).  The 
fissftra  posticti  (p)  is  a  small  one  between  the  hinder  part  of  the  fissnra 
rhinalis  and  the  posterior  limb  of  the  supra-sylvian  fissure. 

So  much  for  the  typical  cerebral  convolutions  in  the  Ungukle 
animal,  which  undei^  special  modifications  in  the  different  familiti 
of  the  order,  some  of  which  are  particularly  constant,  and  must  h$ 
here  referred  to  in  order  that  comparisons  may  be  made  betvvecn  tli0 
Hippopotamus  and  its  allies. 

The  brain  of  the  genus  Sus,  together  with  Phacochcpntg,  is  distin* 
guishable  from  that  of  any  other  Artiodactylate  animal  by  one  or  two 
well-marked  characters,  the  most  striking  of  wbicb  is  the  blending  of 
the  coronal  with  the  splenial  fissure  by  means  of  a  curved  sulcus  of  so 
considerable  a  depth  that  the  convolution  between  the  middle  line  of 
the  hemisphere  and  the  coronal  fissure  appears  to  be  quite  cot  off 
from  the  rest  of  the  superior  cerebral  surface.  The  pnipsylvian  fissupfti 
however,  as  usual,  runs  up  on  the  inner  side  of  the  oatward-dii^otnl 
anterior  extremity  of  the  coronal  fissure.  Behind  the  sulcus  of  com- 
munication between  the  fissures  jnst  referred  to  there  is  a]w»y«  aa 
equally  characteristic  second  one,  parallel  to  it,  and  a  short  dklAiioi 
behind  it,  joining  the  fissura  splenialis  and  a  prolongation  of  ibe 
superior  limb  of  the  suprasylvian  fissure.  Again,  as  Dr.  Rnirf 
puts  it,  the  posterior  extremity  of  the  suprasylvian  fissurr  tttmi 
downwards  on  the  outer  side  of  tiie  hemisphere,  aud  cmmem  tifar 
the  lower  border  of  the   brain ;   whereas  in  the   Cotylopbora  it 


AXB   OTITKH    PARTS   ny   illPPOPOTAMUS. 


515 


backwarda  and  inwards  ratlier  tlmn  outwards.  In  mj  opinion  tins 
arrangement  m  better  indicated  by  saying  that  the  descending  limb 
of  the  suprasyMan  fissure  is  developed  in  the  Swine  at  the  expense 
of  the  posterior,  whilst  in  the  Cotylopbora  the  posterior  limb  is  large 
^and  the  descending  limb  rndimentary.  In  the  Swine,  also,  the  fissura 
rhiaatiB  and  the  fore-and-aft  prolongations  of  the  Sylvian  fissure  be- 
come continuous*  In  the  Cotylophora  they  do  not  nnite,  the  former 
being  at  a  lower  level. 

A  careful  compariBon  of  the  brain  of  Dicotijles  tajafu  with  Dr. 
Kmeg's  iilnstration  of  the  same  in  IJ.  forqiialus  does  not  lead  me  to 
see  that  Dicotijles  resembles  the  true  Swine  so  closely  as  might  be 
expected  fi'om  that  author^  sketch.  The  characteristic  dchcendin^ 
limb  of  the  suprasylvian  fissure  is  quite  wanting  in  the  two  specimens 
at  my  disposah  and  its  posterior  limb  turns  inwards  slightly,  as  in  the 
Cotylophora.  There  is  one  upward  branch  of  the  splenial  fissui*©  Page 
which  joi^is  the  fissara  coi*onalis,  and  is  not  a  continuation  of  it,  as  in 
8%it*  If  it  were  not  for  this  the  fissura  coronal  is  and  fissura  lateralis 
would  be  continuous  in  Dicotijles. 

In  Sus  there  is  a  minor  longitudinal  fissure  between  the  fisstira 
splenial  is  and  the  fissura  lateralis,  or  there  may  be  two.  In  Dicofyles 
it  is  tVie  same,  the  outer  moiety  being  the  broader. 

The  convolution  between  the  fissura  lateralis  ami  the  finsttra 
suprasylvia  is  broader  than  that  Ixstween  the  fissura  lateralis  and  the 
middle  line— considerably  in  Sus^  not  so  much  so  in  Dirohfles.  Gyri 
of  the  included  convolution,  towards  it«  outer  border,  make  its  outer 
contour  less  distinctly  marked  than  is  its  inner  boundary,  and  the 
complication  may  be  inci*eased  by  the  presence  of  transverse  bridging 
convolutions. 

In  Diajfj^Ies  the  superior  limb  of  the  suprasylvian  fissure  termi- 
nates,  as  in  the  Swine  and  Cavicoraia,  without  communicating  with 
any  other  of  importance,  at  the  same  time  that  a  wedge-shaped  con- 
volution is  always  more  or  less  developed  in  the  region  under  con- 
sideration, with  it.s  hack  ward- directed  apex  formed  by  the  junction  of 
the  superior  and  anterior  limbs  of  the  saprasylviati  fissure.  In  the 
Cervida?  it  is  the  rule  that  the  superior  limb  of  the  above-named 
fissure  blends  with  the  postenor  extremity  of  the  coronal  fissure.  The 
specimen  of  Ehphothi^  mivhianus  figured  hy  me^  does  not,  however, 
quite  conform  with  this  law. 

The  adult  Hippopotamus  brain  which  forms  tlie  subject  of  this 
communication  dilTers  so  much  in  the  arrangement  of  the  eonvolu- 
tions  of  the  two  sides,  that  from  a  study  of  one  or  the  other  singly 
very  different  results  might  be  arrived  at.     This  evidently  depends 
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apon  the  considerable  development  on  the  right  side  of  bridging  con- 
volntions,  the  great  number  of  which  in  the  brain  of  the  Hippo- 
potamns  is  laid  special  strain  on  bj  Gi^atiolet,*  who,  whilst  referring 
to  the  ** middle  series"  of  convolntions,  remarks: — "II  acqntert  one 
importance  exception e lie,  et  hi  son  existence  est  an  premier  abord 
dissimnl^e,  cela  tient  a  la  grande  qHanfcite  de  plis  de  passages  verticanx 
qui  lient  cet  etage  superieur  a  Tetage  inferienr  proprement  dit,**  On 
the  left  side  these  bridging  coa volutions  do  not  exist,  and  as  a  resolt 
an  extra  longitudinal  fissure  is  seen,  which  must  be  one  of  the  tjpical 
sulci  of  the  cerebral  hemisphere,  it  being  conspicaous  in  the  brain  of 
Hipjxypotaoius  JlheriensU^  cwicording  to  Prof.  Ma<!a1ister*8  outline  ake^cb, 
thoagh  absent  in  the  Hgnres  aooompanying  Gratiolet's  memoir  go 
H.  amphibim. 

The  brain  of  the  Hippopotamus  is  not  richly  oonvolnted.  It  is 
about  as  much  so  as  that  of  the  geuus  Bos^  decidedlj  less  so  than 
CamelopardaUs  girafa  or  the  Camelidaa.  The  considerably  smaller 
Rhinoceros,  Ceraforhtntis  ^umnirensu^f  has  more  convolutions. 

Its  weight  immediately  after  removal  from  the  skull  was  one  pound 
and  seven  ounces. 

The  most  conspicnona  fissure  on  the  superior  saHaee  of  the  brain 
Piige  15,  is  one  running  from  front  to  Iwick,  not  far  from  the  middle  line,  which 
it  more  nearly  approaches  anteriorly  than  posteriorly.  This  oon- 
tinuons  fissure  must  be  com  pound  i  and  made  up  of  the  coronal  (t^) 
in  front,  blended  with  the  lateralis  (I)  behind,  between  which  latter 
and  the  spleiiialis  (sp)  a  secondary  longitudinal  fissure  develops  in  the 
usual  manner.  Though,  as  far  as  I  am  aware,  there  is  no  other  Utiga- 
late  animal  with  the  two  above-named  fissures  actually  joiued,  thry 
are  neurlj  so  in  the  Caraelidn?,  CameloparrMis,  DicotyIei*t  and  Bog^ 

Between  the  above -described  fissure  and  the  fissure  of  Sylviuj 
there  are,  on  the  right  side  of  my  specimen,  only  transverac  twiRt*^ 
convolutions  of  considerable  length,  five  or  more  in  number,  acconiing 
to  the  way  in  which  they  are  counted.  On  the  left  side  an  irn*gnlar 
longitudinal  and  fairly  lengthy  suprasylvian  fissure  exists,  nearer  the 
Sylvian  than  the  lateral  fissure,  and  therefore  quite  lattiral  in  poftfciett^ 
with  several  smaller  sulci  joining  it.  Having  the  typical  Artiodactj- 
late  bnun  Ix^fore  us,  it  is  possible  to  recognime  among  theao  the  deeocud- 
ing  (sid)^  posterior  (isp\  anterior  (od),  and  superior  ($*»)  brunches  of 
the  main  fissure,  the  first-mentioned  (if  correctly  identified)  nnuii^g 
in  the  direction  so  characteristic  of  the  true  Swine* 

The  anterior  branch  of  the  suprasylvian  fissufie  has  no 


I 


I 


I 


•  "  Anatomie  de  rHippopotamc,**  p.  825. 

t  "  TwiiJ*iiction»  of  tbo  Zooloprieiil  Socirtj,"  toL  X.  PI.  LXX*  |i*  411. 
p.  143,  pi.  i) 
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"with  the  coronal  fissure.  It  ends  independently,  mneh  as  in  the 
Cavicomia  and  Swine,  with  a  downward  tendency ;  nevertheless  I  am 
not  able  to  recognize  anything  corresponding  to  the  wedge-shaped  con- 
Tolation  formed  between  it  and  the  insignificant  superior  limb  of  the 
same  fissure,  so  well  marked  in  the  Swine,  as  above  described. 

The  fissura  splenialis  does  not  curve  upwards  anteriorly  to  become 
superficial,  as  it  does  in  Sus,  but  continues  onwards  to  blend  with  the 
fissura  genualis,  at  the  same  time  that  it  sends  up  a  short  pcrpoii- 
dicolar  fissure  about  one-third  from  the  anterior  extremity  of  the 
hemisphere,  just  long  enough  to  be  seen  upon  the  surface.  There  is  a 
short  vertical  sulcus,  generally  more  or  less  developed  in  the  Ungulata, 
to  be  noticed,  separating  the  posterior  limb  of  the  splenial  fissure  from 
the  corpus  callosiun,  nearer  the  latter  than  the  former  in  the  present 
case. 

The  Sylvian  fissure  is  insignificant,  the  fissura  rhinalis  being  con- 
tinuous with  it  before  and  behind. 

The  small  size  of  the  optic  and  the  olfactory  nerves,  and  the  not 
great  development  of  the  corpora  quadrigemina,  are  sufliciently 
emphasized  by  Gratiolet  to  require  no  farther  mention. 

If  the  view  here  adopted  is  not  the  correct  one,  and  wliat  is  above 
described  as  the  lateral  fissure  is  the  supi*asylvian,  then  the  brain  of 
the  Hippopotamus  difPers  from  that  of  all  allied  forms  in  the  immense 
breadth  of  the  interval  between  the  Sylvian  and  the  suprasylvian 
fissures,  a  breadth  not  to  be  explained  upon  any  known  hypothesis,  and 
opposed  by  what  is  found  in  Hippopotamus  liherieiisis.  There  are  no 
analogies,  also,  in  favour  of  what  won  Id  then  be  the  correspondingly 
peculiar  narrow  interval  between  the  splenial  and  suprasylvian 
fissares. 

Looked  at  generally,  the  brain  of  the  Hippopotamus  is  evidently  Page  16. 
very  different  from  that  of  the  genus  Sus  and  its  nearest  allies.  In  the 
great  breadth  and  complicatedness  of  what,  in  my  paper  on  the  brain 
of  the  Sumatran  Rhinoceros,*  I  term  "  the  middle  oblique  convolu- 
tion "  (that  between  the  lateral  and  suprasylvian  fissures),  it  most 
resembles  the  Camels  and  the  Giraffe,  from  the  form  of  which  it 
strikingly  differs  in  the  much  less  "  pronation,"  as  Dr.  Krueg  terms 
it,t  of  the  hemisphere.     On  the  whole,  it  stands  very  much  by  itself. 

The  enormous  stemach,  with  an  axiul  length  of  11  feet,  is  identical 


•  *'  Transactions  of  the  Zoological  Society,"  vol.  X.  p.  411.     (Sitprti,  p.  143.) 
t  By  this  "pronation"  or  '*  supination"  of  the  brain  is  meant  the  degree  of,  as 
it  were,  inward  or  outward  rotation  of  the  surface  which  allows  less  or  more  of  the 
surface  between  the  corpus  callosuni  and  the  Miprasylvian  fli<8iirt>  to  ni>iK'Hr  puper- 
ficiallv. 
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TV:-  nZ]-l 
free  -S  iretes  bevond  the  ri^ht  m&r^n  of  the  lirer. 
of  a  Spiz^Ifan  lob-e,  wbil-?t  the  caudate  is  represented  bj  a  prismatic 
thickening,  with  a  minnte  free  apex  in  the  position  of  the  lobe  when 
more  largelr  derelopeti.  The  snspensorr  ligament  had  disappeared. 
The  margins  of  the  lirer  are  unbroken  ;  and  its  oblong  shape  [rounded 
at  the  angks]  is  onlj  slightlj  disturbed  by  a  slight  extra  development 
upwards  [rertebrad]  of  its  left  extremitr. 

This  liver  dc«es  not  at   all  agree  with  that  of  ^'M.<  or  its  allies^  so 
fullv  described  bv  Prof.  Flower  in  his  Hunterian  Lectures  of  1872.* 


DESCRIPTION  OF  THE  PLATES. 

Plate  32.     (UI.) 

Fig.  1.  Brain  of  Hippopotamus,  seen  from  above. 
Fig.  2.  The  same,  from  below. 


'  Proceedings  of  the  Zoological  Society,"  1872,  p.  185, 
'  Medical  Times  and  Gazette,"  Sept.  21,  1872,  p.  311>. 
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Plate  33.     (IV.) 

Fig.  1.  View  of  right  half  of  brain,  from  outside. 
Fig.  2.  View  of  the  left  half,  from  the  inside. 
Fig.  3.  View  of  left  half,  from  the  outside. 

St.  Suprasjlyian  fissure. 
9sa»  Its  anterior  limb. 
M*.  Superior  limb. 
tap.  Posterior  limb. 
ssd.  Descending  limb. 


84.  NOTE  ON  THE  MECHANISM  OF  RESPIRATION  AS 
WELL  AS  OF  THE  RETRACTION  OF  THE  HEAD 
AND  LIMBS  IN  CERTAIN  CHELONIA.* 

Fob  some  time  past  I  have  been  acquainted  with  the  fact  that  in  p^g^  549^ 
Tortoises  the  movement  of  the  limbs  influences  the  degree  of  inflation 
of  the  lungs ;  and  on  one  occasion  I  have  been  able,  in  a  dead  speci- 
men of  a  large  species,  to  blow  out  a  candle  bj  means  of  the  current 
of  air  issuing  from  the  nostrils  consequent  upon  mj  forcibly  pushing 
inwards  one  of  the  previously  extended  anterior  limbs.  From  this  I 
inferred  that  the  rigidity  of  the  thoracic  and  abdominal  walls  (which 
entirely  precludes  their  being  employed  in  respiration)  is  made  up  for 
by  the  great  difference  in  the  capacity  of  the  thoracic  and  abdominal  page  650. 
cavities  which  results  from  differences  in  the  degree  of  retraction  of 
the  limbs.  And  I  also  inferred  that  the  activity  of  the  respiratory 
movements — as  in  the  Lobster,  which  has  some  of  its  larger  gills  con- 
nected with  the  bases  of  the  ambulacral  legs — most  depend,  in  great 
measure,  on  the  amount  of  the  mechanical  force  employed  in  locomo- 
tion, in  the  same  way  that  in  the  locomotive  steam-engine  the  draught 
through  the  boiler-tubes  of  the  furnace  depends  upon  the  rapidity  of 
the  movement  of  the  engine,  because  the  waste-steam  pipe  is  made  to 
open  at  the  bottom  of  the  funnel. 

A  specimen  of  Trionyx  ^erocellatus  (three  and  a  half  inches  in 
length  of  carapace),  which  had  died  a  day  or  two  previously,  lying  on 
my  dissecting-room  table  with  its  neck  and  limbs  fully  extended,  I 
happened  to  take  it  up  by  the  lateral  margins  of  its  shell,  when,  upon 
grafiping  it  between  my  Augers  and  thumb,  I  noticed,  to  my  surprise, 
that  its  head  and  limbs  immediately  retracted  to  their  full  extent.     At 

•  "Proceedings  of  the  Zoological  Society,"  1879,  pp.  649-50.     Read,  June  17, 
1879.  ^ 
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first  I  was  inclined  to  attriljnte  the  movement  to  the  per^tstence  of 
masciilar  irritabilitj  in  tbo  recently  dead  Individ na),  biit»  on  making  a 
cut  into  one  of  the  limbs,  fonnd  that  this  was  Dot  the  case. 

As  freqnentlj  aa  I  chose  to  extend  the  head  and  liml^  to  their  faU 
extent  thej  bo  remained  nntil  the  bodj  was  latcrallj  compreiaedf 
whether  it  happened  to  he  lymg  on  its  abdomtsn  op  on  its  back,  or  in 
any  othep  position*  Immediatelj  it  was  pinched  the  limha  were  com* 
pletely  withdrawn  from  view  and  the  head  fully  retracted— the  cenri- 
cal  Tegion  of  the  spine,  from  being  straight,  aesuming  the  curve 
essential  to  the  cephalic  retraction. 

To  deter  mine  the  mechanism  of  this  unexpected  movement  wna 
my  next  proceeding  j  and  I  made  a  small  hole  in  the  C4>ntTe  of  the 
plastron  which  opened  into  the  body-cavity,  I  then  again,  with  the 
limbs  and  head  cj^tended,  repeated  the  lateral  comprenaion,,  and  fottnd 
that  they  were  no  longer  retracted  as  they  had  been  previonsiy^  air 
mshing  in  at  the  newly-formed  opening-  Upon  ertending  the  hea*l 
and  limbs  and  closing  the  oriBce,  full  retraction  followed  lateral  com^ 
pression,  as  at  first.  Thia  experiment  was  repeated  seTeral  tlmts 
with  the  same  result. 

It  then  became  evident  that  in  laterally  compressing  the  plastron 
(which  in  the  extended  condition  projecta  bojond  the  margins  of  the 
carapace)  its  slight  convexity  is  iiicri.aiyed,  and  that  this  is  assocLattni 
with  an  augmentation  of  the  capat*ity  of  the  body- cavity,  which,  to  fill 
the  deficiency  thus  produced,  causes  an  in  sucking  of  the  h^id  ».nd 
limljs  upon  simple  pneumatic  principles.  The  retraction  of  the  hetu! 
and  limbs  is  therefore  nothing  more  than  a  movement  of  suction,  and 
does  not  depend  upon  any  important  direct  osteological  or  myological 
peculiarities  of  the  animal. 

Whether  the  creature  is  in  the  habit  during  life  of  employing  this 
suction  method  of  withdrawing  itself  with  its  shell  is  a  question  that 
I  am  not  able  to  determine  just  now,  as  the  number  of  Soft  Tortoises 
living  at  the  present  time  in  the  Society's  Gardens  is  reduced  to  a 
single  large  Egyptian  Triovyx,  which  is  unmanageable  and  of  a  more 
rigid  build  than  the  one  above  described. 
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85.   NOTES   ON   THE  ANATOMY   OF    PELECANOIDES 
{PUFFINURIA)  URINATRIX* 

It  being  mjr  good  fortune  to  have  had  the  Procellariidas  which  were 
preserved  in  spirit  daring  the  *'  Challenger  "  Expedition  placed  in  my 
hands,  I  take  the  present  opportunity  to  describe  some  points  in  the 
anatomy  of  Pdecanoides  unriatrix,  one  of  the  most  interesting  of  the 
species. 

I  may  mention  that  since  writing  my  paper  "  On  Cei'tain  Muscles 
of  Birds,  and  their  value  in  Classification,**  I  have  changed  my  views 
as  to  the  affinities  of  the  Procellariidte.  In  that  communicationf  I 
place  the  family  amongst  the  Anseriforraes  :  now  it  is  evident  to  me 
that  it  is  with  the  Ciconiiformes  that  they  are  most  intimately 
related.  Reasons  for  my  change  of  opinion  will  be  found  in  what  here 
follows. 

The  Procellariida9  may  be  divided  into  the  Storm-Petrels  or 
ThalassidrominaB,  and  the  trae  Petrels  or  CEstrelatinaB,  the  former 
differing  from  the  latter  in  possessing  the  accessory  semitendinosus 
muscle.  Pehcancfides  urinatrix  lacking  this  muscle  must  be  placed 
with  the  (Estrelatina).  The  semitendinosus  is  present  in  all  the 
Procellariidee,  Pelecanoides  included.  The  same  may  be  said  of  the 
femoro-caudal :  but  with  reference  to  the  accessory  femoro-caudal 
Pelecaji aides  differs  from  all  its  allies,  as  far  as  my  experience  goes, 
except  Bulwerla  cuhimbtjui,  in  not  possessing  it. 

In  all  the  genera  of  (Estrelatinro  with  which  I  am  acquainted,  in- 
cluding Diomedea,  CEstrelata,  Daption,  Pagodroma^  Bulweria,  Ossi/raga, 
TJialassoeca,  Ptiffintis,  and  Prion,  the  ambiens  muscle  is  present,  but 
it  is  wanting  in  PelecancMes,  as  it  is  in  Thahufsidroma  fregataX 
amongst  the  Thalassidrominaa. 

A  peculiarity  in  the  arrangement  of  the  vessels  of  the  groin  is 
constant  in  Pelecanoides.  In  birds  generally  the  femoral  vein  on 
entering  the  thigh  traverses  obliquely  downwards  and  forwards  to 

•  [This  paper  was  never  publiahed,  but  baring  found  it  in  its  present  state 
amongst  the  MS.  papers  of  tlic  autlior,  I  hare  thought  it  worth  while  to  print  it  hero, 
as,  though  manifestly  incomplete,  it  contains  one  or  two  important  facts.  It  was 
written  during  the  spring  or  early  summer  of  1879. — Ed.] 

t  "  Proceedings  of  the  Zoological  Society,*'  1874,  p.  117.     (Supr^,  p.  21k) 
X  [The  birds  so  called  here  and  elsewhere  {suprd,  pp.  175  and  204)  are,  as  I  have 
lately  shown  ("  Proceedings  of  the  Zoological  Society,"  1881,  June  2l8t),  specimens 
of  the  Thalas»idroma  nereis  of  Gould,  which  I  have  made  the  typo  of  n  new  gonus, 
GarrodiGy  in  memory  of  the  iiutlior  of  these  papers. — Ei>.] 
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reach  the  seiatic  artery,  with  which  it  then  runs  parallel  to  the  knee. 
It  cross ea  the  femnr  on  tha  inner  side  of  that  hone,  and  passefi  udernui 
to  the  tendon  of  the  femoro-cauda!  muscle^  in  each  a  way  that  qh 
dissecting  the  anhfemoral  region  (the  femur  hcing  assnmed  to  be  at 
right  angles  with  the  tihia.  and  parallel  with  the  gronndj  from  the 
onter  side  of  the  thigh,  after  the  hiceps  cmrifi  is  turned  ha^k^  the 
femoral  vein  is  seen  to  emerge  from  the  aiiiericr  margin  of  the  femoro- 
caudal  teudon,  quite  close  to  its  insertion  into  the  femur.  In  PeU^ 
cafwldcM  the  femoral  vein  always  runs  extertml  to  the  femoro-candal 
tendon^  so  that  in  the  dissection  JuBt  described  it  is  seen  to  cross  it» 
instead  of  being  crossed  bj  it,  la  no  other  ProceUariau  with  which  I 
am  acquainted  does  this  condition  obtain^  the  only  other  bird  in  which 
I  have  found  a  similar  condition  being  Dtjvelo  glgantea  amongst  the 
Alcedinide.* 

•   Vidt  **  ProMDdiuga  of  the  Zmlopcal  Society/*  18^3,  p.  029,     (SttprA,  p,  101,J 
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tovi,  11>0,  247. 

tui,  170,  196, 

— ^  vire«ceiis,  170,  196.  247. 

Bubo,  210. 

Bobo  bt'Rpknsifl,  171,  197, 

tMiptiiisis,  171,  198. 

faedolatus,  171,  198. 

-. --.  uiiiximaH,  171,  197* 

IioGn»]i|  171,  198, 

^--^ — virgiwiiiniis,  171,  197. 
BucronklH?,  215,  217,  222,  352,  356,  427. 
Bticeros,  210*  316,  317,  351,  359, 
Bticerofl  iitratun,  169,  194. 

— ^  bkomb,  169,  nn. 

- — -  crironatuB,  169,  194. 

•  pliaitus,  169,  191, 

^^  rbmocerps,  169, 19^1,  29-i. 
BuwroUda\    169*    IH9,   191,    215*    217, 
222,  351,  352,  356,  359,  427. 


Bii(M3r¥ns,  317,  360* 
But«>rvus  libyn^inlctu,  31@. 
BuJwcrIa,  218,  221,  521* 
Bnlwiiiria  buiwcri,  204, 

cci>lBmbliia,  521- 

Bulv^^riln^^,  215. 
Btiteo  vvlgarU,  171.  196* 


C 

Ciuiatiu,  1(14,  250, 252, 253, 254, 255,  S58* 
Cacaitua   cmtftia,    171,    196,    347,   240, 

252,  257. 
Ki^mta,  171,  196.  247,  24S.  2$% 

352. 

goffi»!,  563, 

kinlbcj*teri,  247,  249,  252,  353. 

moloccciisi*,  262,  i&3,  352» 

lAilippi&armji,  262^  £^, 

— rtjseitriipilla,  190, 

Esulplmn-ii,  165,  170*  ^7.  249,  25S, 

257, 
Curatnititu,    255^   257,    25^    259,    20$, 

263. 
Cucf^bU,  4S6,  491,  504. 
Ciicc^bLs  fbtikiir,  174* 

nifii,  480,  4SU 

siixiitilie,  48  L 

Cueomoiilis  «cipiilcr&lb,  1^,  1R5. 
CMica,  249,  250,  251,  252,  251.  25©. 
Cmcn  Hioknoivplutlii,  I7il,  lt^5,  2 17* 
Cfilidria  ^aQtuK,,  2i}4. 
CiiUithen,  2m. 

Ciii<i?Tuie*  £31,  232,  2;13,  234,  210. 
Ciilceims  uicobaricft,  173,  201,  230,  238, 
Cjilop«ittii    novu'-bollandiffi,      170,     liJ6, 

247,   249,   25^:^,    251,   252,   254,   256. 

263, 
CulyptomeTia  viridiai,  368,  370. 
Cttlyptorhyiicbua,    2^,   250,   251,    252, 

25  i,  256. 
Ciilyptorbyncbu.1  banksH,  196,  217, 
Camel  id  Bt,  516. 
CHiiit'lopan lulls    giruffn,   390,   39^    400, 

403,  412,  413,  516* 
CiLnct%}uim  cocliUw'u,  293,  329* 
CaiiidiE-,  223,  413.  414,  445,  147. 
tVuila  aiitiiretk'«a,  415, 
•  — ^  aiiLbuti,  l-t5. 

rturtMW,  446. 

=«_  uz^trtE!!^  '445. 

t'wncrivurti,'*,  222,  2:i  1,  IrLj,  44<£. 

fiimeneaii,  224,  416* 

f4im[liiiri.%  224,  142,  4i:|,  fiS, 

itdvuBt,  115. 

' lag^pui.  1 15. 

bipus,  4 13,  4-15* 

- — ^  Tulpctf,  445. 
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Capitonidffi,    170,    195,  215,   217,   222, 
299,  327,  351, 352,  427,  459,  460,  4fil, 
462,  463,  464. 
Capltoninse,  351,  352,  356. 
Capra,  399,  413. 
Capra  jemlaica,  392,  397. 

picta,  392,  397. 

Capreolos,  387. 

Caprcolus  caprea,  396,  400,  402,  405. 
Capriinulgulffl.   168,  179,  181,  182,  183, 
185,   186,   187,   192,    215,   217,   222, 
325,  352,  356,  359,  427. 
CaprinmlgUH,  182. 

Caprimulgu8europ8eu9,168, 192, 29  i,  359. 
Capromys,  315. 
Capromys  fournieri,  313. 
Cardiimlis  virginiaiuis,  167. 
Cariacus  virginiauus,  406,  412,  424. 
Cariama  cristata,  128,  174,  203,  220, 329, 

331,  332,  334,  335. 
Cariamidffi,  129,  174,  203. 
Carnivora,  224,  443,  475,  476. 
Carpopliaga,  230,  231,  232,  233,  234,  235, 

237,  238,  239,  240,  242,  263,  431. 
Carpophaga  senea,  173,  237. 

globicora,  173,  201. 

latrans,  429,  431.  432. 

nova3-ze;\latult2e,  230. 

pacifica,  431. 

spilorrhoa,  230. 

sp.  inc.,  237. 

Carpopliagidas  173. 

Ca.«isicu8,  113. 

Cassicufl  peroicus,  167. 

Casuariidaj,  177,  214. 

Casuarius,  207,  218,  219,  327,  330. 

Casuarias  beniiettii,  176,  207. 

bicarunculatus,  176,  207. 

galeatus,  207. 

Cataractes,  127. 
Cathartes,  210,  29  L 
Cathartcs  atratus,  196,  294. 

auni,  3 13. 

Cathartidfle,   196,  210,    211,   215,   217, 

221,  294,  329,  310,  449. 
Catoblepas  gnu,  392. 
Cavia,  315. 
Caviconiia,   389,    398,   402,   414,    415, 

615,  517. 
Cecomorphse,  128. 
Centropodinse,  210,  214,  220. 
Centropus,  210,  365. 
Centropus  phasianus,  191,  195,  365. 

senegalensis,  169,  195. 

Cephalophus,  890,  391,  394,  398,  413. 
Cephnlophus  inaxwelli,  392,  398,  399. 

pygmasus,  892,  398,  399,  413. 

Ceratorhinos  lasiotis,  130,  131. 

sumatrensis,  143, 14^1^,  146, 150.516. 

Cercopithecns.  507.  508,  509.  510,  511. 


Coreopsis  novae-hollandiaj,  827. 
Ceriornis,  32  i,  497,  504. 

temminckii,  174,  202,  496,  497. 

satyra,  497. 

Certhia,  354. 

CervidiB,  388,  389,  394,  396,  399,  400, 

402,  403,  405,  414,  415,  425,  515. 
Cervulinffl,  388,  389. 
Cervalns,  382,  383,  384,  388,  389,  401, 

402,  406. 
Cervulus  muntjac,  381,  385,   386,  387, 
392,  396,  399,  405. 

reevcsi,  282,  385,  392,  401,  406. 

Cervus  affinis,  405. 

alfredi,  390,  392,  396,  399,  403. 

autisionsis,  4^,  401,  -402. 

aristotelis,  392,  396,  399. 

axis,  403,  405. 

barbarus,  405. 

campestris,  392, 396,  399,  400,  401, 

406. 
canadensis,  400,  403,  405. 

capreolus,  392. 

cashineerianus,  892,  396,  399,  403, 

405. 

columbianus,  400,  401,  406. 

dama,  392,  396,  399,  402,  403,  412. 

duvaucelli,  390,  392,  400,  403. 

elaphus,  392,  399,  400,  403,  405. 

eldi,  403,  404. 

humilis,  386. 

kopschi,  404. 

kubli,  392,  396,  399. 

leucotis,  400,  401,  402,  406. 

Icucurus,  400,  401,  406. 

macrotis,  406. 

inantchurieus,  403,  404. 

maral,  403,  405. 

mariannus.  392. 

mexicanus,  392,   396,    399,    400, 

403,  406. 

moluccensis,  392,  396,  399. 

neniorivagus,  406. 

paludosus,  406. 

porcinus,  392,  396,  399,  402,  403, 

404,  405. 
pudu,  424. 

rufns,  392,  400,  401,  406. 

schomburgki,  403. 

sika,  403, 404. 

siniplicicornis,  406. 

superciliaris,  406. 

swinhoii,  392. 

ta^vanus,  403. 

virginianu8,400,401, 403,  404,  424. 

Ccryle,  339,  353. 

Ceryle  amazona,  169, 193. 

maxima,  169. 

Cetacea,  456,  458. 

Cha'tnra  caudacuta.  168,  193. 
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Chastora  spinicauda,  168,  193. 

vauxi,  168,  193. 

Chalcopelia,  232,  233,  234,  240. 
Chalcopelia  chaloospilos,  173,  201,  237. 

puella,  173,  230. 

Chalcophaps,  232,  233,  234. 
Chalcophaps  chrysochlora,  173,  201,  230, 

237. 
Chalcopsitta,  262. 
Chaloopsitta  scintillata,  262. 
Chamaepelia,  231,  232,  233,  234,  240. 
Chamspelia  talpacoti,  173,  201,  230. 
ChamsBza  brevicauda,  374. 
CharadriidsB,   175,  215,  221,  329,    415, 

420. 
Charadriiformes,  216,  218,  221, 371, 372. 
CbaradriomorphsB,  128,  465. 
Cbaradrias,  127. 
Charadrius  pluvialis,  175,  203. 

biaticula,  175,  203. 

Cbasmorbyncbas,  367. 
CbaBmorhyncbos  nudioollis,  365. 
Cbauna,  318,  319,  32J,  323,  324,  326— 

829,  341,  416. 
Cbauna  cbavaria,  318,  319. 

derbiana,  298,  318,  319. 

Cbeiromyg,  471. 
Cbelidon  orbica,  166. 
Chelidoptera  brasiliensis,  356. 
Cbenalopex  SBgyptiacufl,  293. 
Cbenomorpbee,  326. 
Cbionididae,  415,  420. 
Cbionis,  127,  415,  416,  419.  420. 
Cbioiiis  alba,  419,  420.- 

minor,  419,  420. 

Chiononiorpba?,  419. 
Cbiromachoeris  inanacus,  377. 

vitellina,  365. 

Chiroxiphia  linearis,  365. 
Cblaraydopborus  truncatus,  439. 
Cbloepbaga,  */?.,  173,  200. 
Chlorolampis  osberti,  167,  193. 
Cbloronerpes  yucatanensis,  168,  192. 
Chordeiles  texensis,  192,  359. 
Cbrysococcyx,  *p.,  169,  195. 
Cbryaotina^  256,  257. 
Cbrjsotis,  210,  249,  250,  251,  252,  254, 

256.  259. 
Cbrysotis  agilis,  247. 

collaria,  2 17. 

festiva,  170,  196,  247,  293. 

levaillanti,  171,  196,  247. 

ocbrocepbala,  170,  196,  247,  293. 

Cbunp^a  buniieisteri,  174,  203. 

Cic-onia,  200,  212,  287,  289. 

Ciconia  alba,  172,  200,  284,  421,  449. 

boyciana,  284,  421. 

maj^iari,  200,  28  i,  421. 

nigra,  172,  200,  284,  421. 

Ciconiidjp,  172,  200,  284,  288,  421,  449. 


Ciconiiformes,  215.  218,  221,  372,  521. 

Cindus  aquaticQs,  166. 

Circus  dneraceus,  171,  197. 

Cissa  speciosa,  167. 

Ciasopis  leveriana,  167. 

Cittura  cyanotia,  169,  193. 

Clangula  histrionica,  283. 

Coccotbrastes  vulgaris,  167. 

Coccyges,  168, 177. 

Coccygomorphae,  349,  350,  462. 

Coccyzus  americaniis,  343. 

CoBreba  cyanea,  167. 

Coliidie,  852.  356,  459. 

Colius,  350,  351,  352,  353. 

Colius  castanonotus,  349,  860. 

Columba,  210,  229,  230,  231,  232,  233, 

234,  237,  240,  241,  242. 
Colninba  leucocephala,  173,  201. 

UvU,  173,  201. 

maculosa,  173,  201,  237. 

oenas,  173,  201. 

picazuro,  173,  201. 

vinacea,  173,  201. 

Columbae.  128,  173,  176,  200,  210,  213, 

215,  216,  219, 221, 229,  236,  240,  250, 

323,  329,  353.  416,  418,  421. 
Columbidaj,    127,    173,   237,    240,   371, 

432. 
Columbinae,  240,  241. 
ColymbidfiB,    128,    129,   176,   206,    214, 

215,  216,  220,  329,  419. 
Colymbus  glacialis,  175,  205. 
Conopopbaga  aurita,  371. 
Conopopbagidae,  374. 
Conurus,   210,   249,   250,  251,  252,  251, 

256,  259,  262. 
Conurus  aruginosus,  247. 

aureus,  247. 

aztec,  247. 

cruentatus,  170. 

btrmatorrbous,  247. 

bolocblorus,  170,  195,  217 

jendaya,  170,  195,  247. 

raonacbus,  2^47. 

nanday,  247. 

pavua,  248. 

petzii,  170,  195,  248. 

xanthola>mus,  170,  195,  248. 

Coracias  garrula,  168,  193,  294,  359. 
Coraciidae,  168,  186,  187,  193,  215.  217. 

222,  324,  351,  352,  359.  427. 
Coraciinse,  216,  222,  356. 
Coracopsis,  249,  250,  251,  252,  254,  25G. 
Coracopsis  barklyii,  248. 
Coripbilus,  262. 
Coripbilus  fringillaeeus,  262. 
Corvidap,  113. 

Corvus.  110,  112,  113.  354. 
Curvus  australis,  167. 
corax,  167. 
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Corvus  frogilegQs,  167. 

Corydon  sumatranas,  370. 

CJorythwx,  340. 

Corythaix  albocristata,  16^,  195. 

Corythtw  enuclcator,  167. 

Cotinga,  357. 

Cotinga  cincta,  365. 

Cotingids,  866,  378. 

Cotnmicina},  504. 

Coturnix,  32 1,  486,  504. 

Coturnix  communis,  174,  262,  485. 

coromandelica,  485. 

Ck)tyledontophora,  399. 
Cotylophora,  514,  515. 
Cracidas,   174,   177,  324,  466,  468,  502, 

603. 
Cracinse,  503. 
Crax,  503. 
Crax  alector,  503. 

carunculata,  502. 

globicera,  174,  202,  502. 

incommodn,  174,  202. 

Crex  pratcnsis,  174,  203. 

Crossoptilon,  504. 

Crossoptilon  mantchuricum,  497. 

Crotophaga  sulcirostris,  292. 

Crypturi,   176,  205,  206.  216,  219,  327. 

328. 
Crypturus  noctivagns,  205. 

obsoletus,  205. 

salla'i,  176,  205. 

Cuculid®,  169,  195,  210,  214,  216.  217. 

218,    220,    244.    297.  323.  329.  351, 

355,  360,  365,  459,  460, 463,  4(>9.  1 70. 
Cuculinse,  210,  214,  218,  220. 
Cuculus,  210,  212. 

Cuculus  canorus,  169,  195,  293,  343. 
Curaorius,  128,  420. 
Cjanocorax  cyanopogon,  167. 
Cyanorhamphus,    249,    250,    251,    2."32, 

254,  256,  260. 
Cyanorhamphos  aariceps,  171,  196,  248. 

novffi  zealandio;,  173,  196,  248. 

Cyanospiza  ciris,  167. 
Cygpius,  164. 
Cyg^Qs  atratus,  298. 

buccinator,  173.  200. 

coscoroba,  173,  200. 

nigricoUis,  173,  200,  293,  298. 

olor,  298. 

Cymbirhynchus     macrorhynchus,      368. 

370. 
Cynocephalua,  507,  508,  510,  511. 
C^pflelidffi,  167,  183,  193,  222,  »49,  359. 
Cypaeliformes,  216,  222. 
Cypselinse,  216,  356. 
CypseloiMes.  222. 

Cypseloides  fumigatus,  168,  177,  193. 
Cypaelus  alpinus,  167,  193,  294. 
Rpus,  167,  193,  357. 


Dacelo,  191,  865. 
Dacelo  cervina,  169,  193. 

gigantea,  169, 193,  294,  522. 

Dafila  spinicanda,  173,  200. 
Damalis  albifrons,  399. 

pygarga,  392.  398,  400. 

Dama  mesopotamica,  405,  406. 

vulgaris,  405,  406. 

Daption,  521. 
Daption  capensis,  204. 
Dasypodida),  438,  439. 
Dasyptilus,  262. 
Dasyptilus  pecqueti,  261. 
Dasypus,  438,  439,  4^i0,  441. 
Dasypus  minutus,  440. 

aexcinctus,  436,  437,  438,  439|^440. 

vellcposus,  439,  410. 

villosus,  439,  440. 

Dendrochclidon  coronata,  168,  193. 
Dcndrocolaptes,  373. 
Dendrocolaptcs  albicollis,  371. 
Dendrocolaptidse,  874. 
Dcndrocolaptince,  373,  374. 
Dendrooygna  antumnalis,  173,  200. 

fulva,  173,  200. 

viduata,  173,  200. 

Dendrolagug,  265,  269,  270,  271,  272, 

275. 
Dendrolagus  iiiustus,  266,  267,  273. 

ursinus,  267. 

Deroptyus,  262. 
Deroptyus  accipitrinus,  262. 
Desmognathae,  128,  3t9,  350. 
Dica?um,  */>.,  167. 
Dicotyles,  515,  516. 
Dicotyles  tuja^u,  515. 

torquutus.  515. 

Dicrurus.  192,  222,  357. 

Dicrurus  leucops,  166. 

Didunculus,   216,    231,    232,    233,   231, 

235,  240. 
Didunculus  strigirostris,  173,  201,  230, 

287. 
Diglossa  baritula,  167. 
Dinoccras  mirabilis.  121. 
Dinocerata,  121. 
Diomcdea,  220,  521. 
Dolichotis,  315. 

Donacicola  castaneothorex,  167. 
Dorcopais,  265,  269,  270,  271,  272,  273, 

275. 
Dorcopsis  brunii,  265,  270. 
luctuo-a,  265,   266,  268,  269,  270, 

273,  274,  375. 

muelleri,  265,  267,  268,  269,  270, 

Dromsns,  164,  218,  219,  327,  330. 
Dromaeus  novaB-hollandiiB,  176.  207. 
Dromas,  127,  416. 
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Eclecius,  249,  250,  251,  252,  254,  255, 

259. 
Eclectus  grandis,  262. 

polychlcirus,  248. 

Ectopistea,  231,  232,  233,  234.  240,  242. 

Ectopistes  raigratorius,  230,  237. 

Egretta,  329. 

Elaphinee,  406. 

Elaphodus,  382,  389,  402. 

Elaphodus   cephalophus,   880,  381,  384, 

388,  392,  396.  399,  401,  406. 

michiauas,  515. 

Elaphurus   davidianus,    402,    404,   405, 

406. 
Elephas  indicus,  299,  SOI. 
Emberiza,  *p.,  167. 
Empidonax  minimus,  365. 
Eobasileos,  123. 

Eolophus.  249,  250,  251,  252,  254,  256. 
Eolopbus    (Cacatua)    roseicapillos,    170, 

248. 
Eos,  249,  251,  252,  254,  255. 
Eos  cardinalis,  170,  196,  248. 

indica,  170,  196,  248. 

reticulata,  262. 

riciniata,  248. 

Eqnidffi,  144, 145. 

Eritliacus  rubecula,  166. 

Erythroeuas  pulcherrima,  242. 

Estrelda  melpoda,  167. 

Eudynarais  orientalis,  293. 

Eudyptes,  205. 

Eudyptes  catarractes,  205. 

Eunioniota  superciliaris,   168,   193,  359, 

427. 
Eupheiiia,  249,  250,  251,  254,  256,  257, 

258,  260. 
Euphema  auraDtla,  2 18. 

bourkii,  170.  196,  248. 

pulchella,  170,  196,  248. 

splendida,  170,  196,  218. 

Euphonia  violacca,  167. 
Euplet'tes  capoiisis,  167. 
Euplocamus,   321,   487,    488,   489,  490, 

496,  497,  498,  504. 
Euplocamus  albo-cristatus,  174,  202,  210, 

487. 

crythropbthahnus,  174,  202,  210. 

horsfieldii,  174,  202,  210. 

nycbtbemerus,  487. 

pnelatus,  487. 

pyronotus,  174,  202. 

swinhoii,  486,  487,  488. 

vicilloti,  174,  202,  210. 

Eupodotis,  245. 

Eui>odotis  australis,  242,  215,  244,  245, 

216. 
denbauii,  202,  241. 


Eupwychortyx,  324. 
Eapsychortyx  cristatnii,  174,  202. 
EnrylffimidflB,  3^9,  370,  378. 
EuryIfBmina3,  369. 
Eurylffimus,  369. 
Eurylsemns  jaTanicus,  379. 

ocbromelas,  368,  370. 

Eorypyga,    127,    128,    129,    321,    333, 

334. 
Eurypyga  belias,  293. 
EnrypygidsB,  128,  174^  203. 
Eurystomus,  tp.,  168,  193,  359. 
Expansor  secundariorum  muscle,  323. 


Palco,  329. 

Falco  lanarius,  197. 

melanogenys,  171,  197. 

pcregrinus,  I7l,  197. 

Falconida,  171.  182,  187,  189,  196,  211, 

215,  216,  221. 
Felidse,  155,  446,  447. 
Felis,  157. 

Felis  bengalensis,  155. 
Femoro-candal  muscle,  191. 
Flexor  perforans  digitorum  pedis  muscle, 

290. 

longus  hallucis  muscle,  290.- 

Formicariidflp,  374. 
Francolinus,  210,  324,  497. 
Francolinus  afer,  173,  202, 

clappertoni,  174,  202,  324. 

gularis,  174,  202. 

pouticerianns?,  173,  202. 

vulgaris,  173,  202,  496,  497. 

Fratereula,  127. 

FregHta,  221,  343,  345. 

Frc'^ta  aquila,  172,  198.  335,  311. 

FregatidoB,  215. 

Fiilmaridae,  214,  220,  329. 

^^lbnarina?,  215. 

Fulica  atra,  292. 

Fuligula  cristata,  173,  200. 

feriiia,  281.. 

ruaiia,  280,  284. 

FuligulinoB,  280. 

Furuariidaj,  374. 

Furnariina;,  374. 

Furnarius,  357. 

Funiarius  rufus,  371,  372,  373. 


G. 


Galbula  albirostris,  169,  193,  296,  358. 
GalbuHdw,  169,  186, 193,  222,  297,  351. 

352.  356,  427.  M53. 
Galictis  viltata,  476. 
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GaUifonnes,  214,  218,  219,  372. 
GaUinaoes,  214,  219. 
Oallina,  124,  129,  173,  177,  202,  210, 
214,  216,  221,  235,   286,   237,   249, 
320,  821,  828,   327,    828,  829,   839, 
415,  429,  453,   467,   468,   469,   470, 
477,  492,  496,  498,  604. 
QalUnago,  127. 
QaUinago  gallinula,  175. 

Boolopadna,  175,  204. 

Gallinula  cbloropna,  174,  203. 

Gallus,  210,  212,  293,  324,  504. 

OaUus  bankiva,  174,  202,  290,  292,  501, 

502. 
Gambetta  flavipes,  175,  204. 
Garrodia,  521. 
Gamilns  glandarius,  167. 
Gavise,  175,  204. 
Gazella,  399,  413. 
Gaiella  arabica,  391,  392,  897. 

dorcaa,  392. 

granti,  392. 

miucatenais,  392. 

ruflfroM,  392,  398. 

snbguttarosa,  392,  397. 

Gecinns,  119,  210. 

G«cinii8  viridit,  118,  168,  192,  296,  463. 
Gelada,  506,  507,  508,  510,  511. 
Gelada  rueppelli,  505,  510. 
Genetta,  446. 

Geopelia,  210,  230,  231,  232,  233,  234, 
241. 

Geopelia  cuneaU,  173,  202,  237,  293. 

bumeralis,  173,  202. 

bamilis,  287. 

placida,  173,  201,  237. 

striata,  173,  201,  237. 

Geopsittacua,  249,  250,   251,  255,  256, 
258,260. 

Geopsittaoos  occidentalis,  248. 

GeranoaStus  agaia,  293. 

GeranoStns,  294. 

GeraoomorpbsB,  128. 

GUroola,  127,  175,  208,  416,  420. 

Glareolidffi,  415. 

Gknddium,  jp.,  172, 198. 

Goora,  216,  229,  232,  233,  234,  241. 

Goura  ooronata,  173,  201,  231,  237. 

victorise,  173,  201,  231,  237. 

Gracula  religiosa,  167. 

Gracupica,  113. 

Grallse,  175,  176,  203,  416. 

Grallaria,  357,  878. 

Grallaria  g^temalensis,  871,  375. 

Graucalus  macei,  166. 

GraidsB,  128,   174,  203,  215,  216,  221, 
329,  871,  420. 
'   Grus,  124,  127,  331,  332,  333,  416.  418. 

Gnu  antigonc,  203,  338. 

Gaira,  210. 


Guira  piririgaa,  169,  195. 
GymnorbinsB,  358. 
Gyparchua,  210. 
Gyparcbus  papa,  171,  196. 
Gyps  fulvus,  171,  196. 


H. 


Hadrostomos,  357,  378. 
Hadrostomus  aglai»,  365,  377. 
Hsematopua,  127,  416,  419. 
Hsematopas  niger,  175,  203. 
Halcyon,  «p.,  169,  193. 
HaliaStus,  294. 
Haliaetus  albicilla,  171,  197,  293. 

vocifer,  171,  197. 

Halioore,  349. 
Halmatorus,  265,  274,  275. 
Halmatama  derbianus,  274. 

luctuosos,  264. 

HaploopbonsB,  366. 

Harelda,  281. 

Harelda  glacialis,  279. 

Hedymelea  ludoviciann,  167. 

Helictis,  477. 

Helictis  moBchata,  474,  475. 

nipalensis,  474>  475. 

orientalis,  474,  475. 

subaurantiuca,  474,  475. 

Uelotanus  ecaudatus,  171,  190. 
Hcmiglottidea,  128,  287. 
Uemipodius,  418. 

Hemipodios  tachydromus,  174,  418. 
UextMliones,  172,  215,  221,  329. 
Heteralocba,  112,  113,  357. 
Heteralocha  gouldi,  110,  167. 
Heterocncmia  nffivia,  360. 
Heteromcri,  366. 
Heteromorpbe,  465. 
Heteropelma,  378. 
Heteropelma  venepacia,  365,  377. 
Himantopus  nigriooQis,  203. 
Hippopotamua,  515. 

Hippopotamus    ampbibius,     120,     512, 
516. 

liberiensis,  512,  516,  517. 

Hirundo  nistica,  166. 

urbica,  857. 

Holocnemis  flammata,  360. 
HomalogonatiB,  213,  214,  217,  297, 459. 
Homoeomeri,  366. 

Houbara  marqut^eni,  174. 

Hyfena,  446. 

Hydrocbcerus  capybara,  818. 

Hydropotes,  380,  425. 

Hydropotcs     in^rmis,    388,    400.    402. 

403,  406,  422,  424. 
Hylactes,  357,  378. 
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Hylactes    mcgapodius,    167,    357,    871, 

374. 
Hylomanes  gularis,  427. 
Hyomoschos,  401,  455,  457. 
Uyomoschos  aqoaticus,  454. 
Hyphantomis  castaneo-frucus,  167. 
Hypotriorchls  subbnteo,  171,  197. 
Hypoxanthus  rivolii,  192. 
Hypsiprymninae,  276. 
Hypsiprymnus,  271,  272,  273,  276. 
Hypeiprymnus  gilberti,  271,  276. 

murinus,  271,  276. 

platyops,  271,  276. 


I. 


lanthoenas  leucolsema,  241,  242. 

Ibis,  127,  128,  210,  287,  289,  381,  332. 

333,  334,  418. 
Ibis  melanocephala,  172,  200. 

nippon,  172,  200. 

mbra,  172,  200,  293. 

spinicollis,  200. 

strictipennU,  172,  200. 

Ictenis,  113. 

loteros  abeillsei,  167. 

Ictonyx  zorilla,  477. 

Impennes,  129,  176,  205. 

Indicator,  460,  461,  462,  463,  464. 

Indicator  major,  170,  195,  469. 

Indicatorin»,  464. 

Indris,  314. 

Insessores,  369. 

Ithaginis,  504. 

Ithaginia  geoffroii,  482. 


K. 


Ketupa  javanensis,  171,  198. 


Lagopus,  491,  492,  494,  499,  504. 
Lagopus  niutus,  491,  494. 

scoticus,  490,  491,  494. 

Lagorcheates,  269,  270,  271,  275. 

Lagostomus,  228. 

Luniiis  collurio,  166. 

Laridffi,    128,   175,  215,  216,  221,  329, 

371,  419,  420. 
LarinsB,  420. 
Larus,  127,  20i. 
Larus  argentatus,  175,  204. 

glaucus,  175,  204. 

Lathamus,  249,  250.  251,  254,  256,  259. 
Latbiimus  discolor,  171,  196,  218. 
Leptasthenum  jegithaloidcs,  371. 


Leptoptila,  231,  232,  233,  234. 
Leptoptila  jajnaioensis,  173,  201,  23^ 
Leptoptalus,  200. 
Leptoptilns  argala,  293,  421. 

crumenifenu,  172,  200,  421. 

Leitris,  127,  204. 

Lestrifl  antarctieos,  175,  204. 

Lenconerpes,  210. 

Leuoonerpes  Candidas  168,  192. 

Leacoaarcia,  281,  232,  233,  234,  24 

Lenoosarcia  picata,  230. 

Licmetis,  249,  250,  251,  252,  256. 

Licmetia  pastinator,  248,  262. 

tenniroatris,  262. 

LimicoUe,  127,  128,  215,  216,  221,  t 

331,  382,  371,  417,  418,  420. 
Limom,  127. 
LimoM  rufa,  204. 

lapponica,  175. 

Linaria  cannabina,  167. 
Lipaogns,  357,  378. 
Lipangus,  tp.,  365. 
Lipangos  dneracens,  167,  376. 
Lophiomys,  226. 

Lopbolsmus,  231,  232,  233,   284^  2 

240,  263. 
Lopbolffimus  antarcticns,  200,  201,  2 

237. 
Lophopboms,  604. 
LopbophoroB  impeyauus,  498. 
Lopbortyx,  504. 

Lopbortyx  califomicus,  483,  484. 
Lopbotragus  micbianna,  380,  381,  31 
Loriculus,  17a  249,  250,  251,  252,  2 
Loriculus  asiaticus,  196,  248. 

cbrysonotus,  196,  248. 

galgulus,  218. 

LoriinsB,  258,  259. 

Loriius,  249,  250,  251,  252,  255,  2J 

Lorius  domicolhi,  262. 

Ion,  248. 

tricolor,  248. 

Lusciiiia  vera,  166. 

Lycaon  pictus,  U2,  443,  44-1-,  445. 


M. 

Macaciis,  507,  508,  509,  510,  511. 

Macbetes,  127. 

Macbetes  pugnax,  175,  204. 

Macrocbires,  167.  216,  217,  357,  35S 

Macropodida),  270,  274,  275. 

Macropodina;,  275. 

Macropus,  265,  268,  269,  270,  271, 

274,  275. 
Macropus  billardicri,  271. 

bninii.  265.  266,  267,  268.  271 

gigantcus,  272,  273. 
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Macropus  major,  270,  271. 

melanops,  160,  274. 

muelleri,  265. 

thetidis,  270. 

Macropygpa,  231,  232,  233,  234.  240, 242. 

Macropjgia  phasianella,  230,  237. 

Macroscelides,  473. 

Malacoptila  torqxiata,  356. 

Manatus,  349. 

Manatus  americanns,  203. 

Mareca  penelope,  173,  200. 

Margarornis,  373. 

Margarornis  perlata,  373. 

Megacephalon,  216. 

MegacAphalon    maleo,    174,    202,    292, 

432. 
Megalsema,  119,  327,  463. 
Megalsema  asiatica,  170,  195,  296,  460, 

461. 
Megapodidffi.  173,  174,  177,  216,  219, 

324,  453,  467,  468. 
Megapodias  mbripes,  452. 
Melanerpea  formicivonw,  168,  192. 
Melanitta  fusca,  283. 
Melanocorypha,  357. 
Melanocor3-pha  calandra,  167. 
Meleagris,  210,  499,  501. 
Meleagris  gallopavo,  174,  202,  499. 
Melierax  monog^mmicas,  171,  197. 
MeIop»ittacns,  249,  250,  251,  255,  256, 

258,  260. 
Melopsittacus  undulatus,  170,  196,  248. 
Blenura,  118,  164,  357,  363,  364,  366. 
Menura  superba,  167,  356,  362,  364. 
Menarinse,  366. 
MergcUus,  220. 
Mergus  albellus,  173,  200. 

castor,  173,  200. 

Meropidffi,    168,    193,    215,    217,    222, 

351,  352.  356,  358,  359. 
Merops  apiaster,  168,  193,  294,  358. 

omatus,  168,  193,  358. 

Mesomyodi,  354,  366. 
Metopiana  pcposaca,  173,  200,  283. 
Metriopelia,  231,  232,  233,  234,  240. 
Metriopelia  melanoptera,   173,  201,  230, 

237. 
Milviu  ictinus,  171,  196. 
Miouectes  oleagineus,  365. 
Mitrcphorus  phffiocercus,  365. 
Mitaa,  503. 
Mitaa  tomentosa,  502. 

tuberosa,  602. 

Mniotilta  varia,  166. 
Molothrus,  113. 

bonarien«i8,  167. 

Momotidffi,    168,    186,   217,    352,   359, 

427,  428,  464. 
MomotinsB,  216,  222,  356. 
MomotuB,  427. 


Momotus  sequatorialis,  193,  359,  427. 

brasilieusis,  427. 

lessoni,  168,    193,  294,   359,   427, 

428. 
Moschidffi,  401. 

Moschu8,  402,  412,  416,  426,  477. 
Moachus    moschiferus,    386,    386,    888, 

390,  392,    394^    399,    402,  403,  410, 

414,  424. 
Motacilla  flava,  166. 
MuUeripicus  fulvus,  168,  198. 
Munia  maja,  167. 
Muscicapa  griseola,  166. 
Musophaga,  212,  349,  352. 
Masophnga  violacea,  169,  195,  292. 
MuBophagidffi,  194,  209.  214.  216,  217, 

219,  220,   323,  329,   351,  360,  469. 

470. 
Mustela,  476,  477. 
Mustelidffi,  446. 
Myiadestes  obscurtis,  166. 
Myiarchus  crinitus,  365. 
Myiodynastes  luteiventris,  366. 


N. 


Nandinia  binotata,  159,  224. 

Nannotragus,  390,  394. 

Nannotragus    nigricaudatus,    392,    394, 

398,  399. 
Nasuttp,  214,  220. 
Nectarinia,  ap.,  167. 
Neophron  percnopterua,  17 1,  196. 
Nestor,  114, 116, 249,  250,  251, 252,  255, 

256,  259. 
Nestor  hypopolius,  114, 170,  195. 

meridionalis,  248. 

notabilis,  170,  195,  248,  293. 

Nestorinffi,  258. 

Normales,  366. 

Nothura  macnlosa,  293. 

Numenius,  127. 

Numenias  arquatus,  175,  203.  420. 

phoeopus,  175,  203. 

Numida,  324,  504. 
Numida  cristata,  498,  499. 

meleagris,  174,  202. 

vulturina,  499. 

ptilorhyncha,  499. 

rendalli,  499. 

Nyctereutes  procyonides,  442,  443,  445, 

446. 
Nycticebus  tardigradus,  471. 
NyctJcorax  enropfsus,  172,  199. 


O. 


Obturator  intemus  muscle,  325. 
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Rube,  896,  403,  424. 
Rusa  alfredi,  405. 
'    aristotelisy  406. 

equina,  405. 

hippeUphoB,  405. 

kuhlii,  405. 

marianna,  406. 

moluccensis,  405. 

peronii,  406. 

swinhoii,  406. 

RufliniB,  384. 

Rnticilla  pboenicura,  166. 


S. 


Saiga  tartarica,  398,  399. 
Sarcorhamphus,  210. 
Sarcorbamphus  gryphus,  294. 
Sarciophoms,  127. 
Sarcidiornis,  324. 
Sarcidiornis  melanonota,  279,  281. 
Scansores,  356,  369. 
Schizognathse,  128. 
Schissorhinse,  218. 
Schizorhifl  africana,  169,  195,  292. 
Sclerurina),  373,  374. 
Sclerurus  caudacatiiB,  371. 
Soolopacida^,  176. 
Scolopax,  127,  331,  418. 
Soolopaz  nistieula,  175,  204. 
Scops  zorca,  171,  198. 
Scyllaros  arctus,  93. 
Scytalopus  indigoticus,  374. 
SemimembraDosus  muscle,  190. 
Semitendinosus  muscle,  190. 
Semnopitbecus,  611. 
Semnopitbecus  maurns,  610. 
Serilopbus  rubropjgius,  379. 
SerpentariidfiB,  171,  196,  211. 
Serpentarius,  220,  329. 
Serpentarius  reptilivorus,  170,  196. 
Sialia  wilsonii,  166. 
SigmoduB  caniceps,  166. 
Sitta  europsa,  166. 
Solenodon,  472. 

Spbeniscids,  214,  216,  220,  329. 
SpbeniscomorpbsB,  128. 
SpbenifCUB  demersus,  176,  205. 

bnmboldtii,  176,  205. 

Spilornis  dieela,  171,  197. 
Starncenas,  231,  232,  233,  234,  247. 
Starnoenas  cyauocepbala,  202,  230,  23a 
Steatornis,  181,  183,  185,  186,  187. 
Steatomis  caripensis,  168,  178,  192,  29^i. 
Steatbornitbidse,    168,    186,    192,    216, 

217,  222,  427. 
Steganopodes,  172,  198,  216,  216,  221, 

829,  449. 
Sterna,  127,  204. 


Sterna  birnndo,  175,  204,  420. 

Stbenurus,  275. 

Strepera,  357. 

Strepera  gpracnlina,  167. 

Strepsiceros  kudu,  392. 

Strepsilas  interpres,  175,  204. 

Strigid®,  171,  181,  182,  188,  186.  186, 

187, 197,  209. 210,  211,  215,  221,  329. 
StringopidsB,  268. 
Stringopinae,  266,  267,  258,  260. 
Stringops,  116,  249,  260,  261,  255,  266, 

258,  260. 
Strix  flammea,  171,  181,  197. 
Strutbidea,  367. 
Strutbidea  cinerea,  166. 
Strutbio,  164,  177,  212,  219,  320,  321, 

322,  327,  330,  341. 
Strutbio  camelus,  96,  176,  208,  298. 
Strutbiones,    176,   205,  206,   214^   216, 

219,  249,  250. 
Strutbionida*,  214. 
StrutbioninsB,  214. 
Stumella,  113. 
StumidsB,  113,  868. 
Stumus,  112,  118. 
SturnuB  vulgaris,  167. 
Sula,  198,  221,  334,  340,  843,  346. 
Sula  bassana,  172,  199,  385,  468. 

fusca,  336,  839,  372. 

Sumia  f  unerea,  172,  198. 
Sub,  514,  516,  617,  618. 
Sylvia  bippolaia,  166. 
Synallaxiuffi,  374. 
Synallaxis  frontalis,  371. 
Syrnium  aluco,  171,  197,  293. 

nebulosuin,  171,  197. 

Syrrbaptes,  127,  230,  241. 


Tadoma  rulila,  173,  200. 
Taenia  gigantca,  151. 

magna,  151. 

Talegalla,  161^  216. 

Talegalla  latbami.  174,  202. 

Tanagra  cana,  167. 

Tantalus,  287,  288,  289. 

Tantalus  ibis,  284,  285,  421,  4i7,  419. 

loculator,  447,  449,  450. 

Tanygnatbus,  219,  260,  251,  252,  255. 
TanygnatbuB  albirostris,  262. 

muelleri,  196,  248. 

Tatusia,  488,  439,  440,  441. 

bybrida,  489,  440. 

peha,  436,  439. 

Tensor  cmris  fascise  muscle,  325. 

fasciffi  muscle,  189. 

petagii  brevis  muscle,  866. 

Tetraoeros  Bubqaadricomutui,  890,  392. 
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TetnigonopB  rainpUastiiiUiit  461. 
Tetrao,  324^  492,  491.  &t*4. 
TetraoQidip,  m\  202.  47^,  491. 
Tetmo  cnpldo,  494^ 
— -  t«trk,  173.  20:2,  491,  492,  493,  494. 

urogtai^,  173,  202»  191.  403,  4£^1. 

Tetrai,  220. 
TiL>tmx  i^tupestris,  2 15, 
Thalaseddromn^  212. 
Th&U^flrotua  bulwerip  175. 
—    ^  ii^gatA,  175*  531, 

nerci*,  521. 

pelflgicA,  175. 

TbiilAi»idromiii»»,  g2l« 
TIiiiksMec^,  521. 
ThAuimleJV  489,  490,  492,  504, 
TbaamAko  amhentije,  17'1^  2^\  4B9. 

pkto,  174,  202,  4S9. 

ThamnomanoB  glaueuB,  371. 
Thttmnophilu^,  3&7,  373. 
TbRintiophilua  (!oliatu%  371. 

murinua,  371 » 

*rhmf>ainnf!!,  416,  417,  418,  420. 

Thinocorus,  356,  416,  420. 

TtiitioconiB  rumiciToroii«»  41 5,  416,  41 7, 

413. 
ThQuM,  224 

Thmaai^tiiH  harpjm,  17li  197. 
TJga  jftvensig,  lfj8,  296. 
TiaamkH  2 14,  029,  415,  469. 
Ttniiitioaioqibse,  465. 
Tianuticnlti^,  291,  329. 
Tinnuticiih)5  nlondarinB,  171,  197.  293. 
Tinwerft^,  323. 
TityTfl,  357.  37a 
Titvrft  p^^rsonatti,  365  r 
Toccoa,  317,  351,  352,  359. 
Toecus  mekno1eucu9}  1G9|  I9t. 
Tiididjt,  427. 
Todinn?,  21S. 
Tixlua  viriilia,  356,  428. 
Toljpeute*.  433,  -136,  439,  140.  4tl. 
Ti>lype[it£!B  cotiurufi,  432,  433,  434  435. 

436,  438. 

mnrioi,  434,  '135,  436, 

~^  tricinctus,    -43 2,    433,    434.    435, 

436,  438,  439, 
TotanuB,  127. 
Totftona  LtilidKa,  175,  204, 

*>lit«rju»,  175.  20 1. 

TracheopKoniD,  36-i,  366,  369.  373,  374 

Tragt'laphiiA  scriptus,  392,  396,  398,  399. 

Trfl|,^Qlida\  402, 

TnijHTultJft,  401,  454. 

Tmgido^  flt^tilejanut,  454. 

Treron,  216,  231,  232,  233,  234  239,  24  L 

Trt^ron  mlvii,  173,  203,  23S, 

Treri>TiiiiiB,  2 10. 

TrichoglasAifi8o,   111.  116. 


TrieboglosBas,  116.  249,  260» ' 

255. 
Triclio^lossui  condnniiA,  170,  196,  248, 

nqvw  Uollandjffi,  248. 

Tringa,  127. 
Tringn  caiiutoii,  175. 

cinflus,  175,  204 

Tf tonjTi,  520. 

Trionyi  perocellatua,  519. 

TrocltilitljiJ,  167.  193,  222,  359. 

TrochUime,  216,  356, 

Trog^lcM!jte«  parvxilos,  166. 

TtTifo«id»,    168,    192,    215,    217.    222, 

2i)5,  351,  3S6,  359,  427. 
TwTgon  meiiciiiiti*,  168,  192,  359. 

puelk,  168,  192.  295,  359. 

TropldorliyudiuB,  35S. 
Trctpidorliynehiifl,  jp,.  167. 
TupttiB,  474. 

Ttipaia  belmigeri,  470,  471. 
— — -'  femigfineM,  470,  471  # 

Bplendiilula,  472. 

tttna,  472. 

TupaiidiE,  470. 
Ttirtlu*  gtayu  166. 

mt^rula,  166. 

Tornictdie.  128,  173.  174,  177,  418. 

Turnieomnrpbaj,  465. 

Turuii,  127. 128, 129,  220,  356,  372,  419. 

Taniiat  k^pitmim,  418. 

Turfcur,  229,  230.  231,    232.  233.    234 

240,  313. 
Tartar  aldflbmnus,  173,  SOI,  23B. 

chmcnfliB,  238.  " 

— —  ienogalensb,  173,  201. 
Tyniiianistrk,  231,  232.  233,  234.  2ia 
TyiiipuniBtria  hicolor,  173,  201,  236. 
TyrannidflD,  358.  366,  369. 
Tvn4i\Tiifton*i  TiIisMimiis,  365. 
Tyranniifl,  357. 
Tjraiinus  meljmcholiciiB,  365. 
flatrnfm,  167, 


U. 


Uintatbenum,  133. 
Ungnlata,  299,  3^)0,  301,  512,  517, 
Upnpn.  113,  289,  29fJ,  354,  3(50. 
Upupft  pjMJii?!.  169,  194,  359.  368, 
UpupidiB,    169,    177.    216.    217,    22^. 

351,  356. 
Uria,  127,  177,  219. 
11  rift  tmile,  175,  205. 
UmgalW  p«nwii»ett.  169,  193,  g96,  35S. 
Trsklie,  446,  4t7. 


V'iinclUuh  127. 

\'iiiie1lui  eftji*tiiwmk  i47.  45«>. 
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Vauellus  cristatus,  175,  208. 
Viverra,  157. 
Viverridw,  446. 
Vultur  auricularis,  196. 
Vulturidffi,  171,  187,  196,  211,  216. 


X. 

Xenorbynchufl  australis,  421. 

senegaleDBig,  421. 

Xenurus,  438.  439,  440,  441. 
XenuruB  unicinctus,  489. 


Tanx  torqailla,  168,  192. 


Z. 

Zenaida,  281,  282,  288,  284,  240. 
Zenaida  martinicana,  280,  288. 
Zenaidura,  281,  282,  288,  240. 

carolinensis,  288. 

marginata,  281. 

Zosterops  alboc^olaris,  167. 
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